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ABSTRACT 
Water quality conditions in Hunting Creek - Cameron 
Run have been sampled in ten slack water surveys and an 
intensive survey conducted during the summer and fall of 
1979 and in two slack water surveys conducted during the 
summer of 1980. Sampled parameters include nitrogen, phos-
phorus, CBOD, dissolved oxygen, chlorophyll 'a', pH, and 
total suspended solids. The data collected have been used 
to calibrate and verify a "tidal prism'' water quality model. 
In the upper portion of the creek, above the waste-
flows, dissolved oxygen concentrations above 5 mg/1 were 
observed in all surveys except in two instances during 
extremely low flows. Downstream of the wasteflows, dissolved 
oxygen concentrations below 5 mg/1 were observed to prevail 
from late June through August. 
No extreme algal blooms were noted. The highest 
chlorophyll 'a' concentrations observed were approximately 
25 µgm/1 and were confined to the lower portion of the 
creek during July and August. During the balance of the 
season in the lower portion of the creek and throughout 
the season in the upper portion of the creek, chlorophyll 
'a' concentrations were on the order of 5 µgm/1 or less. 
Sensitivity analysis on the model has shown the 
largest drain on creek dissolved oxygen to be sediment oxygen 
demand in the vicinity of the point sources. Of lesser 
significance are point source wasteloads and the DO deficit 
of water introduced to the creek during flood tides. 
The algal population of t~e creek was found to be 
limited by the availability of light rather than nutrients. 
The water is too turbid to support a dense algal community. 
The high flushing rate of the creek also tends to control 
the chlorophyll level. Alg~e are flushed from the creek 
before excessive concentrations can occur. 
Storm-induced inputs of CBOD to the creek are roughly 
equivalent on a daily basis, to the point source inputs 
' . . 
although storm-induced ammonia inputs are much less than 
the point source loads. Degradation of water quality due 
to the non-point source inputs is insignificant due to the 
short residence time of these pollutants in the embayment. 
Sensitivity analysis indicates that storm flows actually 
improve water quality by flushing point source wastes from 
the creek and enhancing reaeration. 
vii 
Introduction 
Excess algal populations in a series of embayments 
along the Potomac shoreline of Virginia have led to unde-
sirable pH levels and dissolved oxygen (DO) fluctuations. 
Waste discharges to the embayments are to be limited by the 
requirement for advanced waste treatment (AWT) but the 
ultimate effect of these requirements on embayment water 
quality is presently unknown. A study is therefore being 
conducted to determine the factors affect1ng water quality 
in the embayments and to develop predictive models to aid 
in the improvement and maintenance of embayment water quality. 
One water body selected for study is Hunting Creek -
Cameron Run, located along the border of Fairfax County and 
Alexandria, Virginia (Fig. 1). The creek drains a largely 
urban area (approx. 44 mi. 2 ) and consists of a creek-like reach 
with upland and tidal sections which join to a small embay-
ment on the Potomac. The free-flowing portion of the creek 
and the upper tidal portion are known as Cameron Run. The 
balance of the tidal portion and the embayment comprise 
Hunting Creek. Only the tidal portion of the creek and the 
embayment are considered in this study. 
The tidal portion of the creek is bounded by a flood-
control weir located 2.7 miles upstream from the juncture 
with the Potomac River. Within this tidal portion of the 
creek are two waste outfalls: the Alexandria STP (27 mgd) 
and the Westgate STP (13.7 mgd). The Westgate STP is 
Figure 1. 
2 
Cameron Run - Hunting Creek. 
(u.s.G.S. Alexandria Quadrangle ) 
3 
scheduled to go off-line in September, 1980, after which 
wastes formerly processed by this plant will be routed to 
the Alexandria STP. 
While data indicating undesirable dissolved oxygen 
concentrations in Hunting Creek existed, a comprehensive 
data base of water quality conditions in the creek was 
unavailable prior to this study. Neither had the effect 
of reducing wasteloads to the creek been projected and 
quantified. The objectives of this investigation were 
therefore twofold - to provide a synoptic data base of 
water quality in Hunting Creek and to develop a mathe-
matical model capable of assessing the effects of waste-
loading on the creek. 
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Chapter I. The Field Program 
The field program in this study was designed to 
provide a comprehensive data base useful in assessing con-
ditions in Hunting Creek and in calibrating and verifying a 
predictive mathematical water quality model. A series of 
physical, slack-water, and intensive surveys were conducted 
to provide this data. 
A. Physical Surveys 
Physical surveys provide data about the physical 
characteristics of the system under study, e.g. channel 
bathymetry, tides, and current. 
1. ~hanne l Bathymetry - Measures of channel bath-
ymetry were taken during May, 1979, at the fourteen tran-
sects shown in Figure 2. A recording fathometer was used 
where depth was sufficient. Otherwise, depths were measured 
with a staff and referenced to a known level. Surface widths 
in the embayment and lower portions of the creek were ob-
tained from measureme nts on a 1:24000 topographic map. 
In the upper portions of the creek, channel widths were 
obtained by stretching a rope across the stream from bank 
to bank. The distance of each transect from the mouth of 
the embayment and the surface width and cross-sectional area 
at high and low tide stages are presented in Table 1. 
CHANNEL 
MODIFIED BY 
CONSTRUCTION 
LOCATION OF 
TRANSECT APPROXIMATE 
Figure 2. 
Location of Bathymetry Transects 
Westgate 
STP 
I 
Vl 
6 
Table 1. Hunting Creek Bathymetry 
Transect Ft.From · High 'ride 
High Tide Low Tide Low Tide 
Mout h Ar ea (ft 2 ) Wi dth( f t) Area (ft2 ) Width(ft) 
lA 0 7381 
820 5181 820 
1 8414 
1385 47 79 1385 
2 10418 
2275 4093 2250 
3 6954 
2040 1438 2040 
4 6102 
1685 1384 1685 
5 2360 1576 
166 1165 151 
6 3240 2812 
1065 383 293 
7 4000 1041 
270 464 1 88 
8 5600 76 3 
214 251 19 7 
9 7360 619 
213 101 198 
10 9060 364 
201 34 70 
11 11260 152 
160 20 40 
12 12720 84 
115 28 83 
13* 14520 7 
15 
* 
spillway 
Table 2. Slackwater Survey Dates 
June 12 August 23 
June 26 September 12 
July 11 September 25 
July 25 October 10 
August 9 October 25 
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2 . Tide Records - A Fisher-Porter recording tide 
gauge, programmed to record stage level at six-minute 
interval s, was installed at t he mouth of the creek and 
operated from June 13 to October 30, 1979. A portion of 
the tide record is reproduced in Figure 3. The recorded 
tide range at the mouth of the creek was supplemented by 
readings from staffs placed along the creek axis during 
the intensive survey described in a later section of this 
report. The tide range as a function of distance from the 
creek mouth is presented in Figure 4. 
3. Current Records - Four current meters were 
emplaced in Hunting Creek from July 24 to August 1, 1979. 
One General Oceanics Model 6011 meter was placed at mid-
depth in the channel at the mouth of the embayment and three 
identical G.O. meters were arranged laterally across the 
channel at the point where the creek meets the embayment 
(Fig. 5). Portions of the curre nt records are pre sented in 
Figure 6. 
B. Slackwater Surveys 
Two kinds of wa ter qua lity s urvey s were conducted 
as a part of this study : a series of slackwater s urveys 
and an intensive sur vey. Slackwater surveys were conducted 
approximately bi-wee kly from June 12 to October 25, 1979 
(Table 2 ) . All survey s were conducte d durin g day light 
periods of high slackwate r in v i ew of constraints imposed 
8 
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by the shallow depths and obstructions to navigation en-
counted in the creek. The surveys were conducted under 
varying conditions of freshwater flow, stream temperature, 
and wasteloading and were designed to provide data both for 
assessing stream conditions and for verification of the 
water quality model. 
Two additional slackwater surveys were conducted on 
June 1 7 and August 13, 1980. Results of these surveys are 
presented in Appendix C. 
1. Sampling Stations - Six sampling stations were 
located along the axis of the creek - one station at the 
mouth of the embayment, four stations within the creek, and 
one station above the weir at the head of tide (Fig. 5). 
2. water Quality Parameters - At each station, 
samples were withdrawn from the mid-depth of the water column 
and analyzed for the following parameters: 
Total Kjeldahl Nitrogen 
Ammonia Nitrogen 
Nitrate & Nitrite Nitrogen 
Nitrite Nitrogen 
Total Phosphorus 
Ortho Phosphorus 
Chlorophyll 'a' 
CBOD5 
CBOD30 * 
Total Organic Carbon 
Total Suspended Solids 
In-situ measures of dissolved oxygen, temperature, 
pH and secchi depth were also taken at each station. 
3. Input Measurements - Concurrent with each slack-
water survey, grab samples we re taken from the effluent 
of the Alexandria and Westgate STP's and analyzed for the 
same parameters as the stream samples. Long-term CBOD of 
* Station 4 only 
12 
the plant effluents was always analyzed. A probe was used to 
measure the DO of the effluents. Daily flow rates provided 
by the operators completed the d~ta required to· quantify the 
wasteflows to the creek. 
Prior to each survey, freshwater inflow over the up-
stream weir was gauged. This value, along with the water 
quality data sampled at station 6, allowed computation of the 
constituents transported into the tidal portion of the creek 
from upstream. 
c. Intensive Survey 
An intensive survey was conducted in Hunting Creek 
from high slack water (1340) on July 31 to high slack water 
(1540) on August 1, 1979. The intensive survey differed from 
the slackwater surveys in that sampling was conducted contin-
uously for two tidal cycles (26 hrs.) providing data on the 
intratidal and diurnal parameter fluctuations in the creek. 
This intensive data provided the basis for the model calibra-
tion to be discussed in Chapter III. 
1. Sampling Stations and Parameters - Sampling was 
conducted at the six slackwater stations shown in Fig. 5 
and samples were analyzed for the same parameters. 
intervals were as n o ted below: 
Sampling 
Nitrogen and Phosphorus 
Chlorophyll 'a' 
CBOD5 
CBOD30 
Total Organic Carbon 
Total Suspended Solids 
Dissolved Oxygen 
Temperature 
pH 
Secchi Depth 
Parameters - two hours 
- one hour 
- two hours 
- one per station 
- two hours 
- two hours 
- one hour 
- one hour 
- one hour 
- one hour 
13 
2. Input Measurements - Sampling at the wasteflows 
and f r eshwater inputs commenced o ne tidal cyc le (approx. 12 
hrs.) prior to the intensive survey and continued for the 
duration. Samples were collected hourly and composited into 
twelve-hour samples representing the average concentrations 
of inflows to the creek during each tidal cycle. Samples 
were analyzed for the same constituents as during the slack-
water surveys. Grab samples of D.O. were taken whenever the 
composites were collected. 
Daily flow records of the STP's for the period of 
the intensive survey were obtained from the plant operators. 
3. Dye Survey - The dispersion and flushing character-
istics of the creek were investigated through a dye study 
conducted concurrently with the intensive survey. Beginning 
at the low slackwater pri6r to the survey and ending at the 
high slackwater at which the survey commenced, 8.5 gallons of 
20% Rhodamine flouresent dye were continuously discharged to 
the creek through the Alexandria STP outfall. This discharge 
technique aided in dispersing the dye uniformly in the creek. 
For the duration of the intensive survey, dye samples 
were collected hourly at each station. After completion of 
the intensive survey, special dye surveys were conducted at 
high slackwater four and six tidal cycles following the 
dye dump. 
After collection, dye samples were bottled and 
analyzed in a Turner Desiqns fluorometer. 
14 
4. Tide Staffs - As noted previously, tide stage at 
the mouth of the creek was recorded throughout the study. 
As an aid in evaluating tidal flushing in the creek and in 
computing the tidal prism, staffs were placed at each sample 
station during the intensive survey. These staffs were read 
hourly as the water samples were collected and the readings 
were converted into the tide ranges shown in Figure 4. 
D. Sediment Oxygen Demand 
Sediment oxygen demand in Hunting Creek was measured 
with a closed-chamber benthic respirometer at the six sample 
stations. Measures were taken in November, 1979, and May, 
1980. 
15 
Chapter II 
The Mathematical Model - Formulation 
Water quality in a tidal system is the result of a 
complex series of biochemical substance transformations 
and physical transport processes. Nutrient exchanges between 
the surroundings and the water column and wasteload inputs 
exert additional influences on the system. Under these 
circumstances, it is difficult to predict the ultimate effect 
of changes in the use, wasteload or hydraulic characteristics 
of the water body. A mathematical model is useful in this 
instance both to aid in understanding of the system and to 
provide consistent, rational forecasts of the response of the 
system to changes in specified parameters. 
Mathematical models are generally based on the 
principal of conservation of mass. A complete model would 
couple the three-dimensional momentum and continuity equations 
describing mass transport in the system with a detailed des-
cription of the biochemical kinetics and sources and sinks of 
all dissolved constituents. Such a representation is neithei 
mathematically feasible nor desirable. In practice, the 
modeller must decide which parameters are most important 
within the system and which are less so. He must isolate 
the dominant hydrodynamic terms, the dissolved constituents 
of interest, and the kinetic terms which influence these 
constituents and next must abstract these into a model con-
sistent with tractability, economy, and desired results. 
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The model developed in this manner for Hunting Creek is 
described in the remainder of this chapter. 
A. Hydrodynamic Representation 
The hydrodynamic regime in Hunting Creek is dominated 
by tidal transport. During a typical 12.4 hr. tidal cycle, 
29 x 10 6 ft 3 of water are exchanged between the creek and 
the Potomac River due to tidal flushing. During the same 
6 3 period, only about l x 10 ft of fresh water enter the 
system. Thus a model based on substance transport by the 
tidal prism is appropriate. This model predicts the longi-
tudinal distribution of conservative and nonconservative 
dissolved constituents during the period of high slackwater 
(slack-before-ebb) . 
The rise and fall of the tide at the mouth of an estuary 
or tidal creek causes an exchange of water masses through the 
entrance. This results in the temporary storage of large 
amounts of bay or river water in the creek during flood tide 
and the drainage of this water during ebb tide. This volume 
of water is known as the tidal prism. Since water brought 
into the creek on flood tides mixes with the creek water, a 
portion of the pollutant mass in the creek is flushed out on 
ebb tides. This flushing mechanism due to the rise and fall 
of the tide is called tidal flushing. 
The model of transport by tidal flushing is based on 
the division of the prototype water body into segments, each 
of which is considered to be completely mixed at high tide. 
I -
17 
The length of each segment is defined by the tidal excursion, 
the average distance travelled by a water particle on the 
flood tide, since this is the maximum length over which com-
plete mixing can be assumed. 
1. Segmentation of the Water Body - Segmentation 
starts at the mouth of the creek. The water body outside of 
the mouth is denoted as the first segment (Figure 7). The 
adjacent segment within the creek is indexed as segment 
number two, bounded by transects one and two. The first 
transect is across the mouth, the second transect is chosen 
such that a water particle will move from the first to the 
second transect over flood tide. Therefore, the tidal prism, 
or intertidal volume, upstream of the second transect must be 
big enough to accommodate the volume of water in segment two 
at low tide plus the total volume of freshwater inflow over 
flood tide, i.e. 
p2 
or 
v2 
where 
v2 
p2 
= v2 + R2' 
= p2 - R2 
= low tide volume of second segment 
= tidal prism upstream of second transect 
= volume of fresh water entering the water body 
upstream of the second transect during a half-
tidal cycle. If R2 is a varying function of 
time, the median value of R2 should be used. 
(1 a) 
(1 b) 
MHW 
MLW 
1 2 3 V 
-
p2 
vl vz v3 
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n- 1 n N-1 N 
p 
n 
N 
L pi 
i=n+l 
Figure 7. Segmentation of an estuary. 
2nd segme nt 3rd segment 4th 
1] A' 
--------t-----
.1 A 
A'=B' 
--
V(x) 
P (x)-R(x) 
Ot:.------_.L.--------'----~L_-~---
0 Distance f rom the Mouth 
Figure 8 . Determination of segmen t len g ths. 
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In general, a water particle at the (n-l)st transect at 
the beginning of flood tide should move to the nth transect 
at the end of flood tide. Thus, 
or 
or 
where 
p 
n 
V 
n 
V 
n 
V 
n 
p 
n 
R 
n 
= V + R n n 
= p R n n 
= p + Pn+l - (Rn+l + rn+l) n+l 
= V + Pn+l - r n+l n+l 
= low tide volume of the nth segment 
= tidal prism upstream of the nth transect 
= total freshwater discharge above the nth 
transect over half a tidal cycle 
pn = local tidal prism of the nth segment 
r 
n 
= lateral input into the nth segment over half a 
tidal cycle, including surface runoff and 
point sources. 
( 2) 
( 3) 
( 4) 
Equation (4) states that the low tide volume of a 
segment is equal to the high tide volume of its immediate 
landward segment less the lateral freshwater input into that 
segment. 
It may be seen from equation ( 3) that Vn tends to 
zero asp decreases toward the head of tide. Therefore, an 
n 
infinite number of segments will result unless a cut-off is 
made. Segmentation should cease before any segment has a 
length smaller than its width. As this condition is approached, 
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the remainder of the creek is combined into a single Nth 
segment. The prism upstream of the Nth transect is equal 
to the upstream freshwater discharge: Pn = Rn. 
Landward of the Nth transect, the creek behaves more 
like a fluvial stream than a tidal creek and flushing is due 
solely to the freshwater discharge. Segmentation in the 
freshwater section is arbitrary and governed only by the 
spatial resolution desired and the segment length-to-width 
ratio. 
2. Determination of Segment Lengths - Figure 8 
shows for a hypothetica l tidal creek the accumulated low 
tide volume, V(x), and the difference between the tidal prism 
and the river f low upstream of a point, (P(x) - R(x)), 
plotted as a function of x, the distance from the mouth. 
v(x) is defined as the accumulated low tide volume from the 
mouth to any distance x. P(x) is defined as the intertidal 
volume upstream of a transect located at x. R(x) is defined 
as the freshwater input, summed over a half tidal cycle, 
which enters the creek upstream of a transect located at x. 
The volume P1 is the intertidal volume of the entire 
creek . Similarly, R1 is the total freshwater input to the 
creek, including wasteflows and lateral inputs. From the 
definitions presented in the first section of this chapter, 
the volume v 1 is a dummy volume located outside the creek 
mouth. The first volume within the creek is defined as 
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In order for the assumption of complete mixing within 
each segment to be valid, segment lengths must be less than 
or equal to the local tidal excursions. Therefore the low 
tide volume of the first segment within the river should 
equal the intertidal volume, minus the river flow, upstream 
of the landward boundary of the segment. Segmentation 
continues in this manner until the cut-off guideline is 
approached. 
B. Calculation of the Concentration of a Conservative 
Substance 
As the tide propagates upstream from the mouth of the 
water body, a volume of water equal to (Pn-l - Rn_ 1 ) moves 
upstream across the (n-l)st transect and mixes with the 
water volume V present in the nth segment at low tide. Of 
n 
this mixed water, the portion (P - R) moves upstream across 
n n 
the nth transect and mixes with V 1 , etc. n+ 
On the ebb tide, 
a volume of water (P + R) moves downstream across the nth 
n n 
transect, pushing a volume (Pn-l + Rn-l) across the (n-l)th 
transect, and so forth, thus completing tidal flushing. The 
flow across the transects bounding the nth segment is shown 
in Figure 9. 
The water volume moving across the nth transect during 
ebb tide, (P + R), may be separated into two parts. 
n n 
The 
first part is the water in the (n+l)st segment at high tide, 
Flood 
Tide 
Ebb 
Tide 
n 
n+lst s e gment 
p + R 
n n 
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p -R 
n n 
nth segment 
p +R 
n-1 n-1 
n - 1 
p -R 
n-1 n-1 
n- lst segment 
V 
Fi gure 9 . Flow ac r oss trans e c t s a t flood and e bb tides. 
Vhn+l· 
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This volume of water has a concentration C 1 , the n+ 
high tide concentration in the (n+l)st segme nt at the 
beginning of the tidal cycle. 
The remainder of the water moving across the nth 
transect has a volume 
This volume of water Resl may be further divided 
(5 ) 
into two parts. One part is from the direct input to the 
(n+l)st segment, including surface runoff and point source 
discharges. The remainder comes through the (n+l)st transect 
from segment (n+2). Thus 
Resl = rn+l + Res2 ( 6) 
If the volume Res2 is still greater than the high tide 
volume of the (n+2) nd segment, then the volume in excess of 
Vhn+2 may be traced further in the same way as Resl. 
The mass transport into and out of the nth segment 
during ebb tide may now be expressed as 
mass in= ETP n = Ebb Tide Transport across the nth 
transect into the nth segment. 
= (P + R ) • C 
n n n+l if p + R < Vh +l' n n - n 
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or 
C + Resl 
== Vhn+l • n+l rn+l 
if pn +Rn > Vhn+l and Resl < rn+l 
or 
l'f Resl > r 1 and Res2 < Vh n+ - n+2 
WP and WNP 1 are the point source and nonpoint where n+l n+ 
source discharges, respectively, into the (n+l)st segment. 
mass out= ETPn-l = Ebb Tide Transport across the 
(n-l)th transect out of the 
nth segment. 
= Vh C + (WP 
n n n 
+WNP) + Res2 • C 2 n n+ 
( 7) 
(8) 
rt is possible for some of the water that leaves a 
segment du r ing ebb tide to return during the following flood 
tide. This is accounted for by defining a returning ratio, 
such that 100 a is the percentage of 
a n' n 
through the nth transect at flood tide. 
old water reentering 
The fraction of new 
water entering through the nth transect at flood tide may be 
expressed as ( 1 - a n) · 
At flood tide, the volume (Pn - Rn) flowing through 
the nth transect has the concentration 
a c 
1 
+ ( 1 - a ) C2 
n n+ n n 
where c2n equals the high tide concentration at the end of 
tidal cycle. The mass tra nsport into and out of the nth 
segment during flood tide may be expressed as 
mass in= 
mass out= 
FTPn-l 
FTP 
n 
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= Flood Tide Transport into the 
nth segment 
= Flood Tide Transport out of 
the nth segment 
The change of mass, 6m, with respe ct to time is 
l m/6 t =sources+ (mass in) - (mass out) 
In the present development, the change of mass i n the nth 
segment over the entire tidal cycle can be repre sented as 
or 
( C2 - C ) (V + p ) = 
n n n n 
sources+ ETP - ETP l + FTPn-1 - FTPn 
n n-
+ {an-1 en + (1- a n-1) C2n-l } (Pn-1 - Rn - 1) 
- {a n Cn +l + (1 - a n) C2n} (Pn - Rn) 
Letting Vh = v + p , PRF = p _ R and separating 
n n n n n n 
the contribution of mass b y lateral inflow into point and 
nonpoint sources, the equation can then be solved for C2n. 
( 9) 
(10) 
(11) 
(12) 
(13) 
e2 = 
n 
+ 
+ 
[en+ 
PRF 
n-1 
Vh 
n 
PRF 
n 
Vh 
n 
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WP + WNP 
n 
Vh 
n 
{a 
n-1 e n 
n 
+ 
ETP - ETPn-l n + 
Vhn 
(1-a 1 ) n- e2n-l} 
{l + 
PRF 
n (1-a )} 
n Vh 
n 
ETP and ETP 1 denend on concentrations at the beginning n n- ~ 
of the tidal cycle. 
(14) 
For segments landward of the transect at which P = R , n n 
the creek behaves as a fluvial stream and no water is trans-
ported landward during flood tide. The total volume of water 
flowing through a transect is 2Rn. The mass-balance of a 
conservative substance in the nth segment becomes 
(e2 - en) . Vh = 2R . e - 2R . C 
n n n n+l n-1 n 
+ point sources. 
Therefore 2R 2R 
n n-1 WP + WNP 
e + Vh e - e + 
n n ( 15) 
e2n = n n+l Vh n Vh n n n 
If mis the total number of segments, (m-1) equations 
will be obtaine d by writing equations (14) or (15) for n=2 
tom. The (m-1) equations may be solved for the (m-1) 
U
nknowns, e2 , if the initial concentrations, c ,and two 
n n 
boundary conditions, e2 1 and C2m+l'are specified. The 
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principal operation of the numerical computation is to then 
compute the concentrations in each segment at the first tidal 
cyc l e with the given or assumed initial concentration field at 
the zeroth tidal cycle. The computed concentration field at 
the first tidal cycle is next used as the initial _con-
dition to compute the concentration field at the second tidal 
cycle, and so forth. Each computation cycle will advance time 
by the increment of one tidal cycle until a specified tidal 
cyc l e or equilibrium concentration field is reached. Within 
each computation cycle, the (m-1) equations are solved by 
successive substitution, since C2n-l is the only unknown upon 
which C2 depends. 
n 
c. Calculation of the Concentrations of Nonconservative 
Substances 
Equation (11) represe nts the rate of change of mass 
within a segment due to external sources and physical tran-
sport. For nonconservative substances, additional terms are 
required to simulate the chemical and biological processes 
which may cause an increase or decrease in a particular sub-
stance within a segment. In general, equation (11) may be 
rewritten as 
6m I = mass in - mass out+ external sources+ B (16) 
/6t 
where B represents chemical and biological transformations. 
In the present model, Bis expressed expl icitly in terms of 
concentrations of related substances at the beginning of a 
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time step increment. Therefore, it does not introduce 
additional unknowns into equations (14) or (15). 
The nonconservative substances considered in the present 
study include organic nitrogen, ammonia nitrogen, nitrate-
nitrite nitrogen, organic phosphorus, inorganic phosphorus, 
phytoplankton (quantified as chlorophyll 'a'), carbonaceous 
biochemical oxygen demand, and dissolved oxygen. The inter-
action of the physical, chemical and biological processes 
among these parameters is shown in Figure 10. All chemical 
and biological processes are considered to act independently 
of the physical transport processes. 
Given the initial conditions or calculated concentra-
tion fields at the slack-before-ebb (SBE) which initiates a tidal 
cycle, the calculation of the concentrations at the succeeding 
SBE is performed in two steps. First, the concentration fields 
are calculated assuming that only the physical transport 
processes are in action. Secondly, the calculated concentra-
1 
tion fields are adjusted for the relevant chemi'cal db' · an iological 
processes. The transportation portion of the calculation is 
identical to the procedure described in the preceeding section 
for conservative substances. The kinetics portion consists of 
the addition and/or subtraction of the terms representing the 
chemical and biological transformation. Th ese terms are 
obtained by the integration with time of the differential 
equations describing each constituent. The differential 
equations are derived by considering e ach model segment to 
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be an independent, completely mixed system and are described 
below. 
1. Phytoplankton Population, CH - The phytoplankton 
population, quantified as the concentration of chlorophyll 
'a', occupies a central role in the schematic ecosystem of 
Figure 10 and influences, to a greater or lesser extent, all 
of the remaining non-conservative dissolved constituents. 
The differential equation describing phytoplankton growth is 
d~: = CH (G-R-P-S/h) (1 7) 
where 
CH = chlorophyll 'a' concentration (µgm/,Q,) 
G = growth rate of phytoplankton {1/day) 
R = respiration rate of phytoplankton ( 1/day) 
p = predation on phytoplankton by zooplankton (1/day) 
s settling rate of phytoplankton = (ft/day) 
h = local depth (ft) 
Growth and respiration are dependent upon nutrient 
availability, ambient light, and temperature. 
The functional 
relationships used in the model generally follow the forms 
of DiToro et al (1971) and are as follows: 
where 
Growth rate, G 
G = k T • I gr 
t e mperature 
effect 
I , k , 
s e 
light 
effect 
CH, h) 0 N(N2,N3,P2) 
nutrient 
effect 
kgr = o p timum growth rate (1/day/Co) 
T = t e mpe rature (c0 ) 
(18 ) 
where 
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I = attenuation of growth due to suboptimal 
lighting 
N 
I 
k 
e 
al 
a 
0 
k I 
e 
k 
e 
I 
a 
= effect on growth of nutrient availability 
2. 718f (e -al -a o) = - e k h 
e 
= k I + 0.0088 . CH + 0.054 . CH0.66 e 
I 
-k h a 
= Tr e e 
s 
I 
a 
= TI: 
s 
= light extinction coefficient at zero 
chlorophyll concentration (1/meter) 
= light extinction coefficient corrected for 
self-shading of plankton (1/meter) 
= total daily solar radiation (langleys) 
(19a) 
(19b) 
(19c) 
( 19d) 
I 
s 
h 
= optimum daily solar radiation rate (langleys/day) 
= depth of water column 
f = daylight fraction per 24 hours 
The nutrient effect, N, is based on the minimum 
limiting nutrient concept 
{ N2 + N3 } K + N2 + N3 
mn 
N = minimum 
where 
N2 = ammonia concentration (mg/1) 
N3 = nitrate concentration (mg/1) 
( 2 0) 
p2 
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= orthophosphorus concentration (mg/1) 
= half-saturation concentration for inorganic 
nitrogen (mg/1) 
= half-saturation concentration for ortho-
phosphorus (mg/1) 
The respiration rate, R, is a linear function of 
temperature. 
where 
R = aT 
a= temperature dependence of respiration rate 
(1/day ;c0 ) 
Predation rate, P. 
(21 ) 
p should be dependent on the time-variable herbivore 
population which is in turn dependent upon the phytoplankton 
population. To avoid adding an additional trophic level to 
the model , however, a uniform rate of predation is assumed. 
where 
2. Organic Nitrogen, Nl 
dNl = 
dt 
T 
a 
n 
K •T•Nl 
nl2 
Khl2 + Nl + a n { R + a * P } CH - N J:K /h r nll 
= maximum hydrolysis rate of 
to ammonia (mg/1/day/Co) 
= tempe rature (c 0 ) 
organic nitrogen 
( 2 2) 
= half-saturation concentration for hydrolysis 
(mg/1) 
= ratio of organic nitrogen to chlorophyll in 
phytoplankton (mg N/µgm Chl) 
= proportion of consumed phytoplankton recycled 
by zooplankton (0.4 assumed) 
= settling rate of organic nitrogen (ft/day) 
where 
where 
where 
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3. Ammonia Nitrogen, N2 
dN2 
dt = a • G • PR • CH n 
= maximum nitrification rate of ammonia to 
nitrate nitrogen (mg/l/day/c 0 ) 
= temperature (C 0 ) 
= half-saturation constant for nitrification 
(mg/1) 
PR = preference of phytoplankton for ammonia 
uptake 
N2 • N3 
= (K +N2)(K +N3) 
mn mn 
N2 • K 
mn 
+ (N2 + N3) (K + N3) 
mn 
4. Nitrate Nitrogen, N3 
kN3 
dt 
3.28 
5. 
= 
Kn 23 •T•N2 
- an• G • (1-PR) • CH - 3.28 KnJJ/h 
Kn23 + N2 
= denitrification rate (gm/m2/day) 
= conversion of feet to meters 
Organic Phosphorus, Pl 
dPl 
dt = K •T•Pl+ a . {R + a P}CH - Pl•K /h pl2 p r pll 
a p 
= first order hydrolysis rate of organic to 
inorganic phosphorus (l/day/c0 ) 
= ratio of organic phosphorus to chlorophyll 
in phytoplankton (mgP/µgm Chl) 
( 2 3) 
( 2 4) 
(25 ) 
= settling rate of organic phosphorus (ft/day) 
where 
where 
where 
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6. Inorganic (Ortho) Phosphorus, P2 
dP 2 = K •T•Pl - a • G • CH - 3.28 Kp 22/h dt pl2 p (2 6 ) 
K 22 p 
7 • 
= rate ~f adsorption to bottom sediments 
(gm/m /day) 
Carbonaceous Biochemical Oxygen Demand, CBOD 
dCBOD = -K • CBOD + a • a • {a •P}CH - CBOD K /h (27 a) dt C C CO r SC 
= first order decay rate of CBOD (1/day) 
ratio of carbon to chlorophyll in phytoplankton 
(mg C/µgm Chl) 
K 
SC 
= ratio of oxygen demand to organic carbon 
recycled= 2.67 
= settling rate of CBOD (ft/day) 
The effect of temperature on K is given as 
C 
Kc = Kc ( 2 0) • 1. 0 4 7 ( T- 2 0) 
8. Dissolved Oxygen, DO 
dDO = K ( DO - DO) - K dt r S C {
K •T•N2 
• CBOD - a n 2 3 } 
no Kh 23 +N2 
+ a • a { G-R} pr C • CH - 3.28 SED/h 
K = reaeration rate (1/day) 
r 
DO = saturation concentration of DO (mg/1) 
s 
a 
no 
a pr 
SED 
= ratio of oxygen consumed per unit of ammonia 
nitrified = 4.33 
= ratio of oxygen to carbon produced/consumed 
during photosynthesis/respiration= 2.67 
2 
sediment oxygen demand (gm/m /day) 
(27 b) 
(2 8 a) 
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The reaeration rate, Kr, is further defined (O'Connor 
and Dobbins; 1958). 
where 
1/2 -3/2 
Kr(20) = Kro u h 
0 Kr( 20) = reaeration rate at 20 C 
K = 12.9 
ro 
u = mean cross sectional velocity (ft/sec) 
h = mean channel depth (ft) 
(28b) 
The effect of temperature on the reaeration rate is 
evaluated (ASCE; 1961). 
(T-20) 
Kr= Kr( 20) · 1.024 
Saturation dissolved oxygen concentration, DO , is 
s 
calculated as a function of water temperature from a 
(2 8 C) 
polynomial fitted to the tables of Carritt and Green (1967). 
DO 
s 
= 14.6244 - 0 . 367134T + 0.0044972T2 (2 9 ) 
The effect of temperature on sediment oxygen demand is 
evaluated (Thomann; 1972) 
SED = SED ( 2 O) • 1. 0 6 5 
(T-20) (3 0 ) 
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chapter rrr. Model Application and Calibration 
utilization of the mathematical model requires the 
'fication of three groups of parameters - physical 
speci -
eters input parameters, and calibration parameters. param ' 
Physical parameters are measures such as channel width and 
depth which define the physical characteristics of the 
system . Input parameters are the variables upon which 
model predictions are based e.g. temperature and waste-
loading. Calibration parameters are the biochemical rate 
constants and other unknowns which cannot be measured 
directly but must be derived through repeated adjustments 
until the model results agree satisfactorily with field 
data. Each of the parameters utilized in the model are 
described in the body of this chapter. 
A. Physical Parameters 
1. Volume and Tidal Prism - In order to segment the 
cre ek, the cumulative volume and tidal prism, as functions 
of the distance from the mouth, must be available. These 
volumes were obtained from the channel bathymetry data in 
Table 1. 
High-tide volume was calculated by multiplying the 
average high-tide are a of adjace nt transects by the dis-
tance between them and summing these products. Low-tide 
volume was obtained similarly except low-tide areas were 
used. The tidal prism was compute d by subtracting the low-
tide volume from the hi gh- tide volume. The cumulative 
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high-tide volume and tidal prism of Hunting Creek are shown 
in Fig. 11. The geometry of the segmented model is presented 
in Table 3. A map of model segmentation is in Appendix E. 
2. Segment Depths - Segment depths were obtained by 
plotting the average transect depth as a function of dis-
tance (Fig. 12). Model segments were noted on the graph 
and the average depth of each segment was obtained by inter-
polation. 
3. Return Ratios - The return ratio of each segment 
is the fraction of the pollutants flushed from the segment 
on the ebb tide which returns on the succeeding flood tide. 
These return ratios occupy a place midway between physical 
and calibration parameters. They are physical parameters 
in that they are functions of the flushing characteristics 
of the embayment yet they can only be evaluated through 
recursive calibration. 
Return ratios are obtained by using the model to 
calculate the flushing from the creek of a conservative 
substance, in this case the flourescent dye discharged 
during the intensive survey. In successive model runs, 
the return ratios are adjusted until the best fit is ob-
tained between model predictions and field data. 
As initial conditions for the return ratio cali-
bration, the dye distribution one tidal cycle after the 
dump was utilized to insure the dye was well-distributed 
throughout the creek. Calibration was then conduc ted 
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Table 3. Model Geometry 
Transect Segment Distance from High Tide Local Tidal Average Depth Return Ratio 
Mouth (ft) Volume (10 6ft 3 ) Prism (10 6ft 3 ) (ft) 
1 0 . 0.0 
2 27.61 17.38 4.5 
2 1738 0.0 
3 10.68 6.63 7. 1 
3 2649 0.6 
4 3.20 1. 98 3.2 
4 4000 0. 0 
5 0.90 0.54 2.9 
w 
5 5000 o.o I..D 
6 0.81 0.53 2.4 
6 6000 0.0 
7 0.69 0.51 2.0 
7 7000 0. 0 
8 0.56 0.46 1. 7 
8 8000 0. 0 
9 0.49 0.42 1.4 
9 9000 0.0 
10 0.32 0.28 1. 2 
1 0 1000 0 0.0 
11 1. 95 0.24 0.5 
11 14520 
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against the dye distributions observed two, four, and six 
cycles after the dump. The results of the calibration are 
shown in Fig. 13a-d. The calibrated return ratios are 
presented in Table 3. 
The only non-zero return ratio is at segment 3. 
This confirms that flushing in the system is good except 
where the creek joins the embayment; a large portion of 
the pollutants flushed to the embayment return to the adja-
cent creek segment at flood tide. 
B. Input Parameters 
1. External Loading - External nutrient and pollutant 
loads are introduced to Hunting Creek from three sources: 
upstream inputs, the Alexandria STP, and the Westgate STP. 
Upstream flow, nutrient and pollutant loadings and D.O. 
concentrations during the calibration period were provided 
by the Northern Virginia Planning District Commission 
(Appendix B). Point source wasteloadings and D.O. concen-
trations were sampled during the intensive survey. The 
external inputs to the creek on July 31-August 1 are 
presented in Table 4. 
2. Solar Radiation - A seasonal-average daily solar 
irradiation of 500 langleys was employed. 
3. Sediment Oxygen Demand - Sediment oxygen demand 
(SOD) varying from 0.75 to 4.0 gm o 2;m
2/day at 20°c was 
utilized in model calibration. The exact distribution is 
shown in Fig. A2 of Appendix A. 
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f-' 
14 
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July 31 
Up s tream 
August 1 
Alexandria 
STP 
Wes t gate 
STP 
Table 4. Upstream and Point Source Inputs , 
July 31 - August 1 
Flow Org. N NH4-N N02 + N03 - N Org P 
(cfs) (lb/ day) (lb/ day) (lb / day) (lb/ day) 
2.2 4.1 0.6 8.0 0.8 
1. 6 2.5 0 .4 7.2 0.5 
36.5 888. 3064. 22 . 30. 
13 . 2 280. 818. 5 . 29. 
Ortho P CBOD 
(lb / day) u (lb/ day) 
0.4 26. 
0.3 16. 
89. 8697. 
287. 1191. 
Chl 'a' 
(lb/ day) 
1. 0 
0.6 
-
-
DO 
(mg/ 1 ) 
7.6 
7.4 
5.6 
7.8 
. -
~ 
I\.) 
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4. Light Extinction - Light extinction during the 
intensive survey varied from 3.5 to 6.3/meter (Table 5). 
5. Downstream Boundary Conditions - In a tidal 
flushing model, the downstream boundary condition for each 
parameter is the concentration at the mouth of the embay-
ment at high tide. Boundary values utilized in the model 
are given in Table 6. 
6. Temperature - The average stream temperature 
during the intensive survey was 28.8°c. 
C. Calibration Parameters 
Calibration parameters are those quantities required 
by the model which cannot be measured or evaluated directly. 
They are instead obtained through the calibration procedure. 
Model calibration is a recursive process in which the model 
is utilized to predict a set of previously measured field 
conditions based on a set of simultaneously evaluated inputs. 
The calibration parameters are adjusted in successive runs, 
within reasonable limits, until agreement is reached between 
the model predictions and the field data. To insure the 
validity of the model, additional verification of these 
calibrated parameters against more than one set of field 
data is desirable. 
Calibration was conducted in the following manner. 
A set of initial conditions, based on data collected on 
July 25, were provided to the model. Simulations of the 
period from July 25 to August 1 were then conducted using 
44 
Table 5. Light Extinction During Intensive Survey 
segment 2 3 4 5 6 7 8 9 
Extinction (1/m) 4.0 5.1 5.9 5. 9 6.0 6.0 6.1 6.1 
segment 10 11 
Extinction (1/m) 6.2 6. 3 
Table 6 . Downstream Boundary Conditions During 
Intensive Survey 
Org. N NH4N N0 3N Org. p Ortho p 
July 31 0.4 1. 3 0.55 0.10 0.11 (mg/1) 
August 1 0.6 0.9 0.47 0.03 0.07 (mg/1) 
Chl. ' a I CBOD D.O. u 
July 31 13.0 2.7 4.0 (mg/1) 
August 1 13.0 2.4 2.0 (mg/1) 
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the inputs specified in the preceeding section. The results 
of the simulati ons of July 31 - August 1 were then compared 
to the high-tide values sampled during the same period. 
Successive model runs were conducted until agreement between 
the simulations and the field data was achieved. The cali-
bration values thus determined are presented in the following 
sub-sections. 
1. Phytoplankton Related Parameters - The parameters 
utilized in modelling the phytoplankton population (Eq. 17-
21) and in relating the chlorophyll 'a' concentration to 
associated constituents (eq. 22, 25, 27a) are presented in 
Table 7. 
Table 7. Phytoplankton Related Parameters 
k 
l/d~~/c0 
0.1 
a 
n 
mg N/µg Chl 
0.005 
I 
s 
langleys/day 
250. 
K 
mn 
mg N/1 
0.025 
a p 
K 
mp 
mg P/1 
.005 
mg P/µgrn Chl 
0.0005 
a 
l/day/c0 
0.005 
a 
C 
p 
1/day 
0.05 
mg C/µgm Chl 
0.025 
2. Nutrient Transfer and Decay Coefficients - The 
rate constants utilized in evaluating hydrolysis (Eq. 22, 
25), nitrification (Eq. 23), and CBOD decay (Eq. 27a) are 
presented in Table 8. 
46 
Table 8. Nutrient Transfer and Decay Coefficients 
K 12 n o 
mg/1/day/C 
0.005 
Khl2 
mg/1 
1.0 
K 23 n o 
mg/1/day/C 
0.01 
Kh23 
mg/1 
1.0 
K 12 p 0 
1/day/ C 
0.005 
Kc(20) 
1/day 
0.15 
3. Settling Coefficients - The settling rate of organic 
nitrogen, organic phosphorus, phytoplankton and CBOD was 
determined to be 0.2 ft/day. 
4. Benthic Nutrient Uptake/Release - Initial calibra-
tion runs provided predictions of nitrate far in excess of 
the observed concentrations. During the intensive survey, 
some process (or proc esses) was removing this nutrient from 
the water column. The most plausible mechanism for the 
removal is uptake by the bed sediments. 
The physical and biochemical interactions between 
the water column and bed sediments are not well known, nor 
are they commonly included in water quality models. At 
present the best approximation to benthic processes is a 
zero-order removal rate similar to sediment oxygen demand. 
The maximum sediment uptake rate, obtained by calibration, 
for Hunting Creek is: 
2 Kn 33 = 300 mg/m /day 
Use of the calibrated uptake rate in the model improved 
predictions of nitrate over much of the creek. In the upper, 
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shallow reaches of the creek , however, the demand prove d 
excessive . It was noted that s e dime nt o xyge n de mand in 
the upper portion of the creek was lowe r than in the down-
stream portion suggesting that benthic activity in the up-
stream reach is reduced relat i ve to the downstream section. 
Thus, sediment oxygen demand was used as an index of benthic 
activity and local nutrient uptake rates were scaled from 
the maximum rate b y the ratio of local SOD to the max imum 
SOD. This yielded final nitrate uptake rates vary ing from 
38 to 300 mg/m2/day . These rates are well wi t hin the 
ranges reported by Van Kessel (1977) and Kaplan, e t a l (1 979). 
5. Reaeration Coe f fi c i e nt - In the p r e liminary mode l 
calibration, dissolve d o xygen c once ntrations p lumme t ed close 
to zero. The s e dime nt oxygen de ma nd a nd othe r o x idat ion 
processe s occur ring in Hunting Creek are s u ff i c i e nt to drain 
the creek of oxyge n i f a c onven t i onal reaeration f unc t i on 
(Eq. 28~ is utili zed. A new , h igher reae r ation fu nc t ion 
was employed by r e taining t he functional fo r m of Eq . (2 8b) 
but calibrating a ne w coe f f i c i e nt Kro· The co e f f i cient 
determined was approx ima t e l y t wice the O' Connor -Dobb in' s 
value or K = 26. 
ro 
D. Calibration Results 
The r esults o f the mode l c a librat i o n aga i nst the J uly 
31 -August 1, 1979, inte nsive s urvey are presented i n Figs . 
14-21 f o r o rganic ni trogen , ammonia nitrogen , nitrate + 
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nitrite nitrogen, total phosphorus, ortho-phosphorus, 
chlorophyll 'a', dissolved oxygen and CBODu' respectively. 
on the graphs are indicated the average, maximum and minimum, 
and high-tide concentrations sampled during the survey. The 
model predicts concentrations at high tide (slack-before-
ebb) and it is against these observations that the predictions 
should be compared. On some graphs, two predictions are shown 
per model segment. In these instances, the downstream 
boundary conditions varied enough during the survey to affect 
the observations and predictions in the downstream portion of 
the creek. 
The results of the calibration are generally good, 
especially for the important ammonia, chlorophyll, CBOD and 
DO parameters. Some discrepancy may be noted between predic-
tions and measuremehts in the most upstream model segment. 
These differences are attributable to the uncertainty in the 
magnitude and timing of the upstream inflows. The upstream 
mode l segment is domin~ted by throughflow and any error in 
the throughflow volume and/or concentration will be reflected 
in the model results. Downstream, the freshwater flow is 
less significant compared to the waste inputs and the tidal 
prism. Hence the predictions, based on known boundary 
conditions and inputs, are much improved. 
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Chapter IV. Model Verification 
Verification is the process in which the values of the 
calibration parameters are tested against additional sets of 
field data. This process is necessary since the large number 
of calibration parameters may allow the selection of alternate 
sets of values which reproduce the calibration data set about 
equally well. Only through testing the model against 
additional independent data collected under a variety of 
field conditions can the parameters be verified as correct. 
If the model does not verify initially, reevaluation of 
the calibration parameters is necessary. 
A. The Verification Methodology 
The model was verified using the data collected in 
the June through September slack water surveys. These sur-
veys were conducted over a range of freshwater flows, waste 
inputs, boundary conditions and temperatures and present an 
excellent basis for verifying both the functional form of 
the model and the calibration parameters. 
Verification was conducted in a series of model runs 
each of which simulated the entire sampling season. The 
time-varying upstream flows and loadings were input to the 
model on a daily basis. Wasteloadings, boundary conditions, 
stream temperature, and light extinction were available only 
on an approximately bi-weekly basis from the slackwater 
surveys. The values sampled on each slackwater survey were 
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d 
constant for the period beginning approximately one 
assume 
k rl
·or to the survey and ending approximately one week 
wee P 
after. 
Thus the inputs sampled during the slack water runs 
are modelled as step-functions with durations equal to the 
interval between surveys. These time-variable model inputs 
are tabulated in Appendix D. 
During the sampling season, upstream freshwater flows 
varied from barely 1 ft 3/sec to over 1000 ft 3/sec. Upstream 
nutrient and pollutant loads also varied by several orders 
of magnitude. Hence, the upstream flows assume more imper-
tance in the model verification than in the calibration for 
which data was collected during a period of relatively low, 
steady flow. As noted in Appendix B, the predicted upstream 
flows and loadings tend to be out of phase with the measured 
values. During periods of variable freshwater flow, there-
fore, the tidal prism model predictions of water quality 
will also be out of phase with the sampled values. Thus, 
attention was devoted in the verification to reproducing 
trends in and ranges of the field data rather than to pre-
dicting exactly the parameter concentrations sampled in any 
survey. 
B. verification Results 
The requirement of verification against eight inde-
pendent sets of data is a rigorous one, especially consider-
ing the intra-tidal variations of several of the parameters. 
A small error in the timing of the sampling will produce a 
large apparent error in the prediction at high tide. 
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Add i tional discrepancies can be expected due to seasonal 
variations in parameters which are assumed constant, e.g. 
sediment oxygen demand or biochemical kinetic rates. 
The results of the verification are presented as time 
series of field data and predictions at the four in-stream 
sample stations and may be found in Figs. A3 - A6 of 
Appendix A. Each graph represents the seasonal variation of 
one parameter at one sample station. 
The verification is satisfactory and resembles the 
calibration in that agreement between observations and pre-
dictions is better in the lower reaches of the creek, where 
the inputs are well-quantified, than in the upper reaches. 
The only major discrepancy is the failure of the model 
to predict the plankton bloom observed during early July. 
The bloom was short-lived and cannot be attributed to any 
changes in ambient conditions as sampled on July 11, although 
light penetration was at its maximum during that period. 
Most likely, the bloom was the result of a transient ch~nge 
in available light which occurred between surveys and was 
not detected. 
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chapter v ·. Sensitivity Analysis 
sensitivity analysis is the process by which the 
effect on the model predictions of variations in calibration 
and input parameters is ascertained. By determining the 
relative effect on model predictions of a specific parameter 
change, the modeller can determine which parameters require 
careful attention in their evaluation and which require less 
rigorous approximation. Sensitivity analysis also allows 
the modeller to judge the effects of his assumptions and to 
weigh the confidence placed in the model results. 
This form of analysis is useful not only in model 
evaluation, however. It is also a tool by which the 
influence on the prototype of various factors such as 
pollutant 1nputs may be discerned and it may be used as a 
device for evaluating the effect of alternative management 
schemes before they are implemented. 
Primary attention in this sensitivity analysis is 
turned towards the parameters which determine the dissolved 
oxygen and chlorophyll 'a' concentrations. The first portion 
of the chapter is devoted to determining the influence of 
several calibration parameters. The second portion of the 
chapter details the investigation of the influence of various 
input parameters on the creek water quality. 
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A. Calibration Parameters 
Sensitivity to the calibration parameters was investi-
gated by changing each parameter to be tested singly,while 
leaving all other parameters at their calibration values. 
The model was then run and the results compared with the 
previous calibration results. The CBOD decay rate, the 
ammonia nitrification rate, the reaeration rate, the chloro-
phyll growth rate, and the sediment uptake rates were thus 
tested. 
1. CBOD Decay Rate - The calibrated CBOD decay rate, 
K , was deterrniNed to be 0.15/day. Sensitivity to this 
C 
parameter was tested by alternately raising it and lowering 
it to 0.25 / day and 0.05/day, reasonable upper and lower 
limits. The resulting effects on the dissolved oxygen and 
CBOD concentrations are shown in Fig. 22. A change of 0.1/ 
u 
day in K results in a change of from 0.5 mg/1 to 2.0 mg/1 
C 
CBOD . Dissolved oxygen is changed by from 0.2 mg/1 to 0.5 
u 
mg/1. 
2. Nitrification Rate - The calibrated ammonia nitri-
fication rate, Kn 23 , was determined to be 0.01 mg/l/day;c
0
• 
Sensitivity to this parameter was tested by doubling it and 
halving it to 0.20 mg/l/day/c0 and 0.005 mg/l/day/c0 . The 
resulting effects on the dissolved oxygen and ammonia concen-
trations are shown in Fig. 23. The ammonia concentration 
changed by approximately 0.1 mg/1 to 0.2 mg/1. The dissolved 
oxygen concentration changed by a maximum of about 0.5 mg/1 
/"', 
.-l 
-OD 510.0 
t 
t 
~ s.o-
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although the sensitivity was generally much less. 
3. Reaeration Rate - Reaeration in Hunting Creek 
was found to be greater than that given by the O'Connor-
Dobbins formula, Eq. 2 8 b. The parameter K was calibrated 
ro 
to be 26.0. Sensitivity to this parameter was tested by 
using the standard value, 12.9, and a value approximately 
triple the standard, 39.0. The resulting effect on the 
dissolved oxygen concentration is shown in Fig. 24. At the 
sag point, DO is reduced by more than 2 mg/1 if the standard 
value is used. Elsewhere in the creek, DO is reduced by 
from 0.5 to 1 mg/1. The adjusted reaeration rate is seen 
to be both necessary and of the correct magnitude. 
4 . . Chlorophyll Growth Rate - The chlorophyll growth 
rate, k , was determined by calibration to be 0.10/day/c0 • gr 
Sensitivity to this value was tested by alternately doubling 
it and halving it to 0.20/day/c0 and 0.05/day/c0 . The 
resulting effect on the chlorophyll 'a' concentration is 
shown in Fig. 25. Halving the growth rate affects the 
chlorophyll concentration by 2-3 µg/1 while doubling it 
raises the concentration by up to 30 µg/1 in the central 
portion of the creek. 
5. Sediment Uptake Rates - Sediment uptake of 
nitrate can be inferred from the field data but was not 
measured in-situ. Some verification of this process can 
be obtained by setting the denitrification rate, Kn 33 
to zero and e xamining the effects on the model prediction. 
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These effects are shown in Fig. 26. Two sensitivity runs 
were made. In the first, Kn 33 was set to zero. In the 
d was set to zero and nitrification was halved secon, Kn 33 
to determine if excess nitrate was produced by an over-
estimate of the nitrification rate. In both cases, the 
nitrate concentrations are extremely high unless a nitrate 
removal mechanism is assumed. 
B. Input Parameters 
sensitivity analysis of input parameters is performed 
primarily to judge the influence of selected inputs on the 
water quality of the creek. Thus it was decided to analyze 
the sensitivity over a season rather than just during the 
calibration period . In this manner, the sensitivity under 
varying conditions of flow, wasteloading and temperature can 
be adjudged. Mode l segment 4 was selected for presentation 
as t his segment includes the dissolved oxygen sag and exhibits 
the poore st water qua lity conditions in the creek. 
1. Point Source Inputs - The first input parameter to 
be analyzed was the point source wasteloading. For this 
analysis, wasteloadings from both point sources were reduced 
to zero although the wasteflows and DO concentrations were 
left as previously used. The resulting concentrations (in 
model segment 4) of ammonia, CBODu' dissolved oxygen, and 
chlorophyll 'a' a re shown in Figs. 27a-d. It can be seen 
that the point sources are the primary sources of ammonia 
and CBODu t o the creek and that oxidation of these wastes 
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S
ible for a DO deficit of 0.8 to 1 mg/1 at the 
is respon 
The chlorophyll population is not greatly affected by 
sag. 
· in wasteloadings. Only during peak growth 
the reduction 
h algal population truncated by the absence of 
phases is t e 
point-source 
1ation is not 
nutrients. This suggests that the algal popu-
nutrient limited or that sufficient nutrients 
a
vailable without the point sources. 
are 
Non-Point Source Inputs - The influence of the 2 • 
source inputs was next evaluated. 
non-point 
For this analysis, 
tream inflow and dissolved oxygen concentration were 
the ups 
left as previously used but all nutrient and pollutant con-
centrations were set to ze ro. The resulting effects on the 
ammonia, CB0Du' and dissolved oxygen concentrations are 
shown in Figs. 28a-c. It can be seen that in the lower 
portion of the creek, non-point source wasteloadings have 
little or no effect on the ammonia concentration. CBOD u 
concentrations are raised in periods of high non-point 
source input, but the net effect on dissolved oxygen is 
small: at most 0.2-0.3 mg/1 and usually less. 
In a second approach to evaluating the influence of 
non-point sources, pollutant and nutrient concentrations 
were again set to zero and the upstream inflow was reduced 
to a steady, low flow of 10 cfs as well. The concentrations 
of CB0Du' ammonia, dissolved oxygen, and chlorophyll 'a' 
resulting from this analysis are shown in Figs. 29a-d. In 
this analysis, the ammonia and chlorophyll concentrations 
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Key to Figures 27 - 34 
Results of Model Verification 
+++++Results of Sensitivity Analysis 
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are noted to increase in the absence of non-point wasteflows. 
The effect on CBOD is variable but increases are also 
u 
noted while the dissolved oxygen concentration decreases in 
many instances. The cause of this paradoxical response to 
a reduction in wasteloading is the reduction in flow rate 
as well. Although storm-induced wasteloadings may be large, 
these quantities are swept from the creek along with the 
point source wasteloads during periods of high flow. Simul-
taneously, the increased flow velocity in the creek leads 
to increased reaeration and an improvement in dissolved 
oxygen concentrations. In the absence of high storm flows, 
point-source wastes have an increased residence time in the 
creek while the reaeration response to the oxidation of 
these wastes is reduced leading to a decline in water quality. 
3. Boundary Conditions - Pollutants and dissolved 
oxygen in Potomac River water are advected into Hunting Creek 
on every flood tide. Potomac River concentrations are treated 
in the model as the creek downstream boundary conditions and 
the sensitivity to conditions in the river is tested by 
altering the downstream boundaries. To evaluate the maximum 
effect of the Potomac River on Hunting Creek, a sensitivity 
run was made with the anunonia and CBOD boundaries set to zero 
and the dissolved oxygen boundary set at the saturation 
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concentration. The results of this model run are shown in 
Figs. 30 :a-c. It can be seen that the influence of the down-
stream boundaries at the sag point is small. Ammonia is 
reduced by at most 0 . 5 mg/1 while CBOD is reduced by up to 
2 mg/1. The net improvement in DO gained by assuming no 
oxidizables in the Potomac and saturated oxygen conditions 
is on the order of 0.5 mg/1 . 
4. Sediment Oxygen Demand - Sediment oxygen demand 
is often significant in shallow water bodies such as Hunting 
Creek. To determine the DO deficit due to SOD, a sensitivity 
run was made with this demand set to zero. The results, 
presented in Fig. 31, show that sediment oxygen demand 
causes a deficit of 2 mg/1 to 3 mg/1 DO. This is, by far, 
the largest drain on creek dissolved oxygen. 
As sediment oxygen demand was determined to be an 
important sink of DO, a second sensitivity run was made, 
using the calibration data set, to illustrate the sensitivity 
of the entire creek to SOD. The results of this simulation 
are shown in Fig. 32. Again, in the central portion of the 
creek , SOD is seen to account for 2-3 mg/1 DO deficit. Down-
stream of this portion, the effect is less, on the order of 
1 mg/1, due to decreased SOD and to the influence of the 
boundary condition. In the upstream portion of the creek, 
the effect is also less, 0.5 mg/1 to 1 mg/1, due to lessened 
SOD and to the DO in the upstream inflow. 
r 
:_,; Q . s: 
···-······-·--·- ··-,---
-, T cs.(.,. 
79 
. ... -.. ···-· - --,--
r• ,j. , C l 
, j . 
--
·--~~ 
~~~.1-
. :i · f---, . 
- ~J 
--::--...,- -=-_) ~-~'~ 
~.,. 
--·-.,. ~ 
~,-=;-
~-,·;,:;. -l · 
~~;:,·, . 
-~ · 
.!..--~ -
... ----, . 
·:,,:,· 
::r' 
:i'· 
•:i1 
., .. -i·· ' 
~"i:.:i~""--~ - - .- -
· - -·--
- ---,-
. 
~,:i: 
I -
I 
I 
I 
r· ---
11 L . ~ 
-_) I~-) 
I 
-------·-··--i 
G ~J. 0 
!>'1 • 
.µ Ul 
·rl h 
:> 0 
·rl ·rl 
.µ .µ 
·rl ·rl 
Ul 'O 
h h 
QJ 0 
U) u 
cu 
0 
M 
~ 
C:' 
c J 
CJ 
'-- -' 
I o_, 
'-, 
CJ J 
CJ -
Cl ! 
I 
u'~ 
__, l 
c__'") CJ i 
Lo I 
- ~ / 
! 
~ '.:'~ -1 
L~ / t i A ~~, ~~ ~ 
1
°1 . w I ! . -1-' ~I ;1-· /, !.J. 
/\ ~ J._\ b\,1 I\ ,~ij 11 t· -/· -! 
· I ' ~?4 
c,_ ~- J~\ f-'..i~- J,-/v ~-(-/: Jv' ~·/j -/+ 
'" ' ,· 'v . + ., . 
• -/ · '..i ~- ,- _,, '"' " ' . ., J . 
....._- u J !.J J ! " ,'--! , .».J "+ . ", '.;, ' ' . ..  . +; 
~ - ~ - 1,- '..J . 
J . ' -l· 
l 
I 
/1 
I Jr!\;+ -/ 
-/ ~ I 
J J. J ~ ~ ' ,-'Ii 
~· 
-/\ . (\ +Yll \ 
\,,/"·· .... i . l,1'"';\  
I l' -1-q: 
CJ I 
CJ i 
· J C"J - ---JJN c J J l_ y AUGUST SEPT 
Figur~ 30b. Sensitivity of . CBOD to downstream boundar.y 
cond.i.ti.ons. 
CX) 
0 
81 
, 
I ····· ····- -- ···-········-·· -- ·r :_;c --,1 nrj, · o: 
V • Ut 
f-·-
(./1 I=:) 
L1 
=:J 
er 
' -· -
I !- ·· -
I 
I 
--- ·- - ·1 
G:.l , C 
0 
C1 
4-1 
0 
>-, • 
.µ [/) 
-rl ~ 
::, 0 
· rl ·rl 
.µ .µ 
·rl ·rl 
[/) 'D 
~ ~ 
Q) 0 
Cl) u 
u 
0 
CV) 
82 
+ 
:j.: ~: ' ; r 
+ · 
-,-
I- · 
(L 
u_; 
v.) 
>-
-.J 
) 
0 
.µ 
. 
0 
. 
. 
!>,-
.µ ~ 
·r-l 
> .µ 
·r-l s:: 
.µ (l.) 
·r-l Ei {/) tr> 
s:: (l.) 
OJ U) 
U)-
83 
8.0 
7 .0 
---------------------
6.0 
..-.. 
~ 5 . 0 -------
bl) 
s 
'-' 
0 
4.o ___ _ 
A 3.0 
2.0 
1.0 
0 2 4 6 8 
10 3 Fee t From Mouth 
10 
Calibration 
No SOD 
12 
Figure 32. Longitudinal distribution of sensitivity to sediment 
oxygen demand. 
14 
84 
5. Light Extinction - Elimination of the point and 
non-point source nutrients was shown to have little effect on 
the predicted algal population (Figs. 27d, 29d). This 
suggests that the algal population is controlled by an 
alternate factor, perhaps light. To test the sensitivity 
of the predicted chlorophyll concentration to light extinction, 
the disk visibility throughout the creek was set to 0.9 m, 
the highest value observed in any survey (Fig. Al), and a 
sensitivity run was made. The results of the simulation 
are shown in Fig. 33. Chlorophyll concentrations are seen 
to increase by approximately 10-30 µgm/1. During periods of 
high stormflow, however, the low-turbidity chlorophyll levels 
and the 1979 predictions coincide. · Thus, a dual algal 
limitation is in effect in Hunting Creek. During low-flow 
periods, the algal population is light-limited. During high-
flow periods, chlorophyll is flushed from the creek and growth 
is restrained by the reduced residence time of the water body. 
In a second approach to determining the limiting 
factors on the algal population, the light and nutrient 
limiting factors (Eqs. 19a, 20) were plotted on a seasonal 
basis. The results are shown in Fig. 34. It can be seen 
the light extinction reduces chlorophyll growth to 20% to 
40 % of its maximum rate. Nutrient limitations have little 
or no effect. Minima in the nutrient limitation curves 
indicating apparent nutrient limitations are the result 
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of storm events sweeping nutrients from the creek. These 
same events sweep the algae from the creek as well, how-
ever, so that the nutrient limitations have little net 
effect at any time. 
88 
Chapter VI. Discussion 
A. Hunting Creek Dissolved Oxygen Levels 
A primary goal of this study was to determine, in 
a synoptic manner, the dissolved oxygen levels which occur 
in Hunting Creek during the summer season. Dissolved 
oxygen measurements were collected in a series of ten 
slackwater surveys and one intensive survey conducted between 
June 12 and October 25, 1979. 
In the upper half of the creek, above the wasteflows, 
D.0. concentrations in excess of the 5 mg/1 level were 
observed to prevail throughout the season. In only one 
instance, on July 11, was a D.O. level below 5 mg/1 noted 
at either of the upstream stations (4 or 5). 
Water quality in the upper half of the creek is 
maintained through two influences. The first is the small 
tidal prism of this streamlike portion. Oxidizable 
mate rials from the downstream wasteflows are thus not ad-
vec t ed upstream in significant quantities. The second 
influence is the high D.O. concentration of the upstream 
inflow. Fresh water enters the creek after passing over a 
series of flood control weirs which aerate the runoff to 
saturated or supersaturated D.O. concentrations. 
In the lower portion of the creek, especially in the 
vicinity of station 3, D.O. levels were noted to be much 
lower than upstream. At station 3, D.O. concentrations 
below 5 mg/1 prevailed from June through August. Concentra-
tions below 4 mg/1 were observed during three slackwater 
surveys and during the intensive survey conducted in that 
L 
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period. At station 2, D.O. deficits were mitigated through 
the flushing action of adjacent Potomac River water but 
values below 5 mg/1 still occurred during July and August . 
B. Hunting Creek Algal Population Levels 
The algal populations of the Potomac embayments 
including Hunting Creek have been reported to attain unde-
sirably high levels resulting in reduced D.O. concentrations 
due to algal respiration and to biomass decay following 
blooms. Extreme algal levels, as quantified by chlorophyll 
'a' concentrations, were not observed in Hunting Creek, 
however. 
The highest chlorophyll concentrations noted occurred 
in the lower portions of the creek during July and early 
August. In this period, chlorophyll concentrations generally 
ranged in the 15 µgm/1 - 25 µgm/1 level. During spring ~nd 
fall, in the lower portions of the creek, chlorophyll levels 
were more nearly 5 µgm/1. 
In the upper portion of the creek, chlorophyll levels 
were low throughout the season. Observations at station 4 
and 5 were most often in the 2 µgm/1 - 5 µgm/1 range although 
higher values did occur. 
The results of the July 11 survey suggest an algal 
bloom was in progress throughout the creek at that time. 
On a seasonal basis, however, the evidence is that chloro-
phyll concentrations in the creek are not the result of any 
internal processes but rather are due to processes occurring 
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beyond the downstream boundary. This effect can be ob-
served in the chlorophyll verification for station 2 (Fig. 
A3e, Appendix A). The sharp changes in the predicted 
chlorophyll concentrations are the result of the step-
function changes in the downstream boundary. Superimposed 
on the levels determined by the boundary are only relatively 
small population fluctuations due to growth and expiration 
influenced by conditions prevailing in the creek. Fig. A3e 
is in contrast with Fig. A6e, the chlorophyll verification 
at station 5. In this portion of the creek, removed from 
the downstream boundary, both the field data and model pre-
dictions show relatively steady, low chlorophyll concentra-
tions. 
C. Factors Which Irifluence Water Quality 
As important as the observation of prevailing dissolved 
oxygen and chlorophyll concentrations is the determination 
o f why these concentrations occur. What external and internal 
factors influence water quality in the creek? Model sensi-
tivity analysis was employed to answer this question. 
Of all the elements examined, sediment oxygen demand 
was determined to have the largest influence on dissolved 
oxygen concentrations. The observed demand near the D.O. 
sag point of 4 gm D.O./m2/day results in a deficit of 2 mg/1 
to 3 mg/1 D. O. In contrast, the point sources cause a 
deficit of less than 1 mg/1 at the sag. 
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The influence of the upstream non-point source inputs 
was also tested and found to have a positive impact on the 
creek dissolved oxygen. Although the non-point source flows 
carry large quantities of pollutants, the runoff volume is 
also large such that the non-point source and point source 
pollutants are flushed from the creek. This effect is 
enhanced by the introduction of highly oxygenated water to 
the creek and turbulence-induced reaeration which occur 
simultaneously with the pollutant flushing. 
As noted in the preceeding section, the algal popu-
lation of Hunting Creek is primarily dependent on the intro-
duction of plankton from beyond the downstream boundary. 
Within the creek, algal growth is controlled by one or more 
limiting factors. Sensitivity analysis has shown the primary 
limiting factor to be light availability. The turbidity of 
the creek prevents light from penetrating the water column 
in sufficient quantity to support a dense algal population. 
A second, contributing factor to the low chlorophyll levels 
is the upstream inflow. In a process similar to pollutant 
flushing, algal populations which build up are swept from the 
creek during storm events. 
D. Intratidal and Diurnal Dissolved Oxygen Cycling 
The dissolved oxygen concentration at any location 
in a water body is not a constant value. It is a variable 
dependent upon streamflow, tidal stage, wasteflow, temperature, 
chlorophyll concentration, and other influences. Variations in 
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D.O. occur with time scales on the order of minutes to 
months. 
Two of the more important sources of fluctuations 
in dissolved oxygen are tidal cycling and diurnal cycling, 
both of which have time scales on the order of one day. 
Tidal cycling causes a longitudinal translation of water 
volumes and is responsible for tidal flushing. On the 
flood tide, oxygenated water is introduced to the creek 
from the Potomac River . On the ebb tide, oxygen depleted 
water is flushed from the creek. Diurnal cycling is due 
to the photosynthesis-respiration of phytoplankton. In 
daylight hours, dissolved oxygen concentrations are increased 
due to algal photosynt hesis . After dark, dissolved oxygen 
is consumed in algal respiration. 
Because the tidal prism model does not detail intra-
tidal or diurnal variations, these phenomena are examined 
separately using data collected in the intensive survey. 
During the survey, dissolved oxygen and chlorophyll samples 
were collected at each station at one-hour intervals for a 
duration of two tidal cycles (approx . 25 hrs.). The D.O. 
and chlorophyll data collected at stations 1, 2, and 3 and 
the tidal range at station 3 are plotted in Figs. 35a-c. 
These stations were chosen for analysis as they have larger 
tidal prisms and chlorophyll concentrations than the stations 
upstream. Thus any intratidal or diurnal cycling should be 
most evident at these stations. 
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Cyclic changes in dissolved oxygen at stations 1 and 
2 are obscured by a downward trend in DO at the downstream 
boundary. This trend results in the unusual condition 
that the Potomac River, at times, is lower in DO than 
Hunting Creek downstream of the Alexandria STP. It is 
still apparent, however, that diurnal fluctuations of DO 
are not present. At station 1, the high-tide DO value at 
0140 is the same as the value observed in the preceeding 
high tide at 1340. In the presence of diurnal cycling, the 
0140 DO value should be lower than the 1340 value. The 1340 
high-tide DO value on August 1 is 2 mg/1 lower than the pre-
ceeding 0140 concentration reflecting the changing boundary 
condition and absence of any photosynthetic oxygen increase 
during daylight hours. Dissolved oxygen at station 2 
evidences this same behavior. 
At station 3, high frequency fluctuations are evident 
in the dissolved oxygen record. Within the range of this 
"noise", however, the 0140 high-tide DO concentration is 
equivalent to the preceeding 1340 high-tide concentration 
and shows no decline due to algal respiration. The 1340 high 
tide DO on August 1 is about 1 mg/1 higher than the 1340 
value but it will be shown in the succeeding paragraph that 
photosynthetic production of this much oxygen is unlikely. 
The photosynthesis and respiration of chlorophyll may 
be related to dissolved oxygen through the equation 
6DO = 6CH • ac • 2.67 mgo 2/mg Carbon (31) 
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At station 3, chlorophyll fluctuations are approximately 
10 ~gm/1. Assuming all fluctuations are due to photosyn-
thesis-respiration and substituting the appropriate values 
in Eq. 31 yields 6DO : o.7 mg/1. This is the maximum diurnal 
DO fluctuation and is less than the "noise" in the field 
data. 
While algal photosynthesis-respiration may be 
eliminated as a source of discernable DO cycling, there are 
still significant DO fluctuations in the concentration time 
series. These fluctuations are the result of tidal trans-
lation of the DO sag point. This behavior may be explained 
as in Fig. 36 which shows dissolved oxygen in Hunting Creek 
at slack- before-ebb on July 31. In the same figure, the DO 
profile is translated one tidal excursion downstream simu-
lating slack-before-flood. Due to the translation of 
deoxygenated water, station 2 DO will be 1-2 mg/1 lower at 
SBF than at SBE. Due to the downstream transport of more 
richly oxygenated water, however, station 3 will be approxi-
mately 1 mg/1 higher in DO at low tide than at high tide. 
The translation effect is most dramatic in the chloro-
phyll time series of station 3 (Fig. 35c) where a sharp 
longitudinal gradient exists. During flood tides, chloro-
phyll at station 3 rises reflecting the influx of chlorophyll 
from the embayment downstream. During ebb tides, chlorophyll 
falls ref l ecting the low concentrations further upstream. 
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The above DO analysis is simplistic in that it 
requires steady conditions and ignores mixing and other 
effects. Nevertheless, the predicted effects are quali-
tatively borne out in the field data. At station 2, 
comparison of DO of the 1940 July 31 SBF vs the 1340 SBE 
is obscured by scatter and rapid changes in the fi e ld data. 
At the 0840 SBF on August 1, however, DO is less than at 
the preceeding SBE. As the tide rises after 0900, DO 
rises as well, though the rise is partially obscured by 
the downward trend at the boundary. At station 3, DO at 
the July 31 2140 SBF is higher than at the 1340 SBE as 
predicted from Figure 36. A similar comparison can be made 
between the August 1 0840 SBF and the 0140 SBE. 
From this analysis it can be s een that, throughout 
the stream, low-tide dissolved oxygen concentrations are 
not uniformly less than at high tide. Although the tidal 
prism model can predict low-tide DO value s only approx imately 
(by translation of the high-tide pre diction) it can be 
used with the assurance that low-tide DO concentration will 
not fall below planned limits. As long as the predicted 
high-tide DO minima remain above specifications, translation 
of these minima will not violate standards. 
E. The 1980 Surveys 
Two slackwater surveys were conducted in June and 
August of 1980. conditions observed in these survey s we r e 
generally consistent with those of the pre vious year con -
firming that the 1979 surveys pre sent an a c curate pic ture o f 
creek water quality. 
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Additional model verification was provided by a simu-
lation of the August survey. This verification was most 
rigorous in that a completely independent set of data was 
used for comparison and no changes were made in the model 
except in the external inputs. Results of the 1980 simulation 
were generally good. The model accurately predicted the 
dissolved oxygen concentration at the sag point although some 
discrepancy was noted upstream, similar to DO anomalies 
observed in the July 11, 1979 survey. 
The apparent erratic behavior of DO at extremely low 
flows (e.g. a drop from more than 10 mg/1 to less than 3 mg/1 
in 500 feet during August, 1980) is due to flow discontinuities 
which occur in the c reek upstreafil of the Alexandria STP. At 
low flows, the creek cross-section does not run full and this 
portion of the stream degenerates into rivulets ( ~6 in. deep) 
and stagnant pools (up to 2 ft. deep). Moreover, the locations 
of these rivulets and pools are not constant but change as 
the stream bottom is eroded by storm flows. For example, in 
1979 a pool was present in the vicinity of station 4. In 
1980, the pool had disappeared. 
At times when the stream does not run full, the appli-
cability of the model above the STP is minimal although 
applicability to the portion of the creek below the STP is 
maintained. During moderate to high flows, when the creek runs 
full everywhere, the model is applicable throughout. 
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Appendix A. Data Preparation and Presentation 
Several water quality and input parameters, as 
measured in-situ or analyzed in the laboratory, are not 
directly suited for use in the model or for purposes of 
comparison. These parameters must be converted to a useable 
form before the modelling effort can proceed. Among the 
parameters requiring conversion are Total Kjeldahl Nitrogen 
(TKN), five-day carbonaceous biochemical oxygen demand 
(CBOD5 ), and Secchi depth. The conversion formulae employed 
are detailed in subsequent sections of this appendix. The 
balance of the appendix is devoted to graphical comparison 
of the adjusted slack water data and model results, and to 
presentation of the raw data collected during 1979. 
A. Conversion of TKN 
As analyzed in the laboratory, TKN includes organic 
nitrogen, ammonia, and the nitrogenous biomass of the phyto-
plankton in the sample. The ammonia and biomass fractions 
must be subtracted from the TKN values to yield the organic 
nitrogen parameter as employed in the model. The conversion 
formula is 
where 
Org N 
Org N 
TKN 
NH 4 
a 
n 
= organic nitrogen concentration of sample 
= total Kjeldahl nitrogen of sample 
= ammonia concentration of sample 
= ratio of nitrogen to chlorophyll in algal 
biomass= 0.005 mg/µgm (assumed) 
(Al) 
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B. Conversion of CBOD 5 
One sample from each slackwater survey was analyzed 
for ultimate carbonaceous biochemical oxygen demand (CBOD). 
u 
The balance of the slackwater samples were analyzed for 
CBOD 5 . Two sets of samples from the intensive survey, one 
from a slack-before-ebb and one from a slack-before-flood, 
were also analyzed for CBOD while the remainder of the u 
intensive samples were analyzed for CBOD 5 . The CBOD 5 values 
were scaled-up to corresponding CBOD values to provide a 
u 
consistent set of data for comparison with the model results. 
This scaling was performed on the data for each survey through 
multiplication of the CBOD 5 values by the CBODu/CBOD 5 
ratio of the CBOD sample(s). These' ratios are presented in 
u 
Table Al. A further correction was incorporated to allow 
for the planktonic biomass which contributed to the ultimate 
BOD of each sample. 
the relationship . 
Final values of CBOD were obtained via 
u 
CBODU = R * CBOD5 - ac * 2.67 * CH (A2) 
whe re 
CBOD = ultimate carbonaceous biochemical oxygen u demand of sample 
CBOD5 = five-day carbonaceous biochemical 
oxygen 
demand of sample 
R = ratio of CBODu/CBOD 5 
a = ratio of carbon to chlorophyll in algal 
C biomass = 0.025 mg/µgm (assumed) 
CH = chlorophyll 'a' concentration of sample 
Date 
Ratio 
Date 
Ratio 
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Table Al. CBODu/CBOD5 Ratios 
June 12 
3.9 
June 26 
2.4 
July 31-Aug 1 
1. 8 
Aug 9 
2.7 
July 11 
1. 9 
Sept 12 
3.4 
July 25 
1. 2 
Sept 25 
2.0 
_ __, 
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c. Conversion of Secchi Depth 
Secchi depth or disk visibility (DV) was employed as 
a field measure of light penetration. Disk visibility 
observed through the season is shown in Fig. (Al). These 
values were converted to light extinction, for use in 
Eq. (19), via the relationship of Sverdrup et al (1970). 
ke = 1. 7 /D V (A 3) 
The extinct ion coefficient was next corrected for the local 
phytoplankton concentration by the formula of Riley (1956) 
k ' = k - 0 . 0088•CH- 0.054•cH 213 e e (A4) 
where 
ke' = non-phy toplankton related light extinction (m- 1 ) 
CH = chlor ophyll 'a' concentration (µg/t) 
D. Sediment Oxygen Demand 
The values of sediment oxygen demand, corrected to 
20°c, sample d in the field and employed in the model are 
presented in Fig. (A2). 
E. Slackwater Data and Model Verification 
The corrected slackwater data for the in-stream 
s tations, stations 2,3,4, and 5, are presented in Figs. (A3) -
(A6). Th e results of the seasonal model runs are presented 
on the same graphs for comparison. 
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Key to Figures A3 - A6 
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Figure A6 a. Or g anic nitrogen verification - stat i on S. 
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Figure A6b. Ammonia nitrogen verification - station 5 . 
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Figure A6c. Nitrate nitrogen verification - station 5. 
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Figure A6d. Total phosphorus verification - station 5 . 
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Figure A6e. Chlorophy ll 'a' verification - station 5. 
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F. Original Field Data 
The original, raw field data collected during 1979 and 
1980 are tabulated in this section. Note that total phos-
phorus may b e obtained as Org-P + Ino- P. 
HUNTif'..G CREEK INTENSIVE WATE R QUALITY CATA 
0 M Y = 31 7 79, STN = 1 
' 
BOTTOM DEPTH = 2.00 M. 
' 
TIDE= 
TPl ~ SEC OEP TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P C8005 00 TOC S Sc: D pH 
CHI TH PHYLL N 
CH~) (M) (M) CC> (UG/L)(MG/L)(MG / L)(MG/L)(MG/L)CMG/L)(~G/L)(MG/L)(MG/l)(MG/L)(MG/l) 
12 . 6 0.7 1. 27.40 13.00 1 .4 0 0.90 o.ss 0.05 0.02 o.oe 2.53 4.00 1.00 22.00 6.80 
1 3 . 6 0.6 1. 28.00 9.40 5.10 7.20 I-' 
1 4 .6 0.4 1. 29.30 a.so 1.70 0.90 o.ss o.os 0.02 0.08 2.00 S.80 3.00 21.00 a.so w 
-...J 
15.7 0.4 1. 29.00 0.10 5.70 
lo. 6 0.4 l. 30.80 9.50 1.10 1.00 0.55 0.05 0.04 0.06 1.97 t.oo e.oo 24.oo 8.80 
17. 6 o.s 1. 30.10 9.70 6.00 
16 . 6 0 . 6 l. 29.90 13.00 1.20 0.10 o.ss 0.05 0.06 0.0 4 2.13 5.30 9.00 27.00 8.70 
1;; .;S 1. 29.60 5.50 
2 0 . 6 1. 29.80 11.00 1.40 0.90 0.46 0.06 0.03 0.01 2.10 4.60 9.00 26.00 a.so 
21 . 6 l. 28.60 13.00 4.40 
2 2. . 6 1. 28.50 12.00 1.50 0. 80 0.46 0.06 0.01 0.09 1.67 4.30 8.00 16.00 7.90 
2 3 . 5 1. 28.40 4.20 
HUNTING CREEK INTENSIVE WATER QUALITY CATA 
D I" y = 1 8 79 , STN = 1 t BOTTOM DEPTH= 2.00 M. , TIDE= 
TI"1E SEC OEP TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P CSODS 00 TOC SSED pH 
CHI TH PHYLL N 
(!-'.~) (M) (M) (C) (UG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(~G/L)(MG/L)(MG/L)(MG/L)(MG/L) 
0 . 5 1. 28.40 2.00 1. 00 0.55 o.os 0.16 0.14 1.67 3.90 9.00 23.00 7.80 
1. 6 1. 28.30 12.00 3.50 
;: • 6 1. 28.30 14.00 0.80 0.46 0.06 0.01 0.09 1.so 3.50 9.00 25.00 7.80 
3.6 1. 28.10 8.90 3.00 8.90 
4.6 1. 28.00 14.00 0.70 0. 4 5 o.os 0.06 0.04 2.13 2.10 s.oo 22.00 s.20 
5.6 o.s 1. 27.90 12.00 2.30 f--J 
6.5 1. 27.80 12.00 1.40 0.90 0.43 o.os 0.04 o.oo 1.33 1.70 7.00 27.00 7.90 w a:) 
7.6 0.3 1. 28.10 11.00 1.so a.oo 
5.7 o.s 1. 28.30 11.00 1.ao 1.20 o.so 0.06 0.10 0.10 1.60 1.40 a.oo 23.00 s.20 
~-6 0.4 1. 2?.20 13.00 1.90 7.80 
10.6 o.s 1. 28.50 18.00 1.40 0.90 0.46 0.06 0.02 0.08 1.63 2.40 9.00 29.00 7.90 
11.6 o.s 1. 29.00 19.00 2.00 8.30 
12.6 0.6 1. 29.50 13.00 1.50 0.90 0.47 0.07 0.03 0.01 1.11 2.00 10.00 12.00 8.00 
13.6 o.s 1. 29.40 1.80 1.90 8.30 
14.6 0.6 1. 28.80 1.40 0.90 0.46 0.06 1.os o.os 1.10 a.oo 10.00 8.70 
HUNTING CREEK INTENSIVE ~ATER QUALITY DATA 
0 " Y' = 31 7 79 , STN :: 2 , BOTTOM i:lEPTH = 2.00 M. t TIDE= 
T::: r-·.E SEC OEP TEMP CHLOR Tl< N NH3-N N2+N3 N02-~ ORG-P INO-P C5005 DO roe SSED pH 
CHI TH PHYLL N 
c r ~) CM) (M) CC) CUG/L)(MG/L)(MG/l)(MG/L)(MG/L)(MG / L)(~G / L)(MG/L)(MG/L)(MG / L)(MG/L) 
1 2 . 3 o.s 1 • 28.40 13.00 1.90 1.20 0.55 o.os 0.06 0.14 2.52 4.40 11.00 25.00 6.70 
1 .; • 7 0 • 6 1. 29.10 12.00 4.60 7.10 
1 4 .7 o.s 1. 31.00 9.80 1.60 1.0 0 0.55 0.05 0.12 0.08 2 . 53 6.80 9.00 21.00 a . 10 
1 5.8 0.4 1. 30.20 o.so 5.40 
l::; . 7 0.4 1. 32.20 13.00 3.0 0 1.9 0 0. 45 0.04 0.09 0 .11 3. 0 7 4 .60 13 . 00 4 8.00 7 . 90 f-' 
1 7 .7 0.4 1. 31.90 12.00 5.60 w 
31.40 4.10 4.40 13 . 00 41.00 I..O l b . 7 0.4 1. 2.90 0.36 0.05 0.10 0.10 4 .03 7 . 80 
1s. 1 0 .4 1. 31.10 11.00 4.50 
2 0 . 6 1. 30.00 13.00 2.40 1.60 0.47 0.05 0.10 0.10 2.90 4.40 9.00 4 4. 00 7.80 
2 1 . 7 1. 28.70 11.00 4.40 
22.1 1. 28.90 8.90 2.60 1.50 0 . 46 0.06 0.20 2.11 4.10 1 4 .00 16 . 00 1.10 
2 3. 7 1. 28.70 8.90 3.90 1.10 
HUNTING CREEK INTENSIVE WATER QUALITY CATA 
D I" y = 1 8 79 
' 
STN = 2 
' 
BOTTOM DEPTH= 2.00 M. , TIDE= 
TIME SEC OEP TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P caoos DO TDC SSED pH 
CHI TH PHYLL N 
(riR) (M) (M) (C) (UG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG / L)(~G/L)(MG/L)(MG/L)(MG/L)(MG/L) 
0 .7 l. 29.00 8.80 1. 4 0 0.80 0.55 o.os 0.01 0.09 1. 9 7 3.80 10.00 20.00 1.10 
1. 7 l. 28.60 11.00 3.50 
2 .8 l . 28.40 10.00 2. 1 0 1.20 0.53 0.03 0.01 0.09 2.50 2.10 10.00 31.00 7.80 f--J 
j.7 l. 28.30 14.00 2.40 ""' 0 
5.0 1 • 28.30 11.00 2.00 0.40 0.05 o.os 0.12 2.50 1.50 11.00 15.40 7.40 
5.7 0.3 1. 28.40 14.00 1.10 
6.7 0.3 1. 28.30 16.00 5.30 4.40 0.24 0.04 0.10 0.10 3.47 o.so 11.00 7.60 
7.7 0.4 1. 28.40 16.00 0.40 7.50 
8.7 0.2 1. 28.60 12.00 3.70 0.38 Q_. 0 5 0.08 0.12 2.20 1.20 11.00 .. 1.00 7.50 
10.7 0.3 1. 28.60 14.00 2.20 7.30 
10.7 0.3 1. 28.50 13.00 2.20 1.60 0.50 o.os 0.03 0.21 1.11 2.50 10.00 29.00 7.90 
11.7 0.3 1 • 29.00 1.20 1. 8 0 7.60 
12.7 0.4 1. 28.80 18.00 2.00 1.30 0.46 0.06 0.01 0. 19 1.90 2.00 8.00 20.00 7.50 
13.7 0.4 l • 29.10 14.00 1. 80 8.00 
14.7 0.4 1 • 29.80 15.00 1.10 1.20 0.46 0.06 0.09 0 .11 2.90 1.60 10.00 12.00 8.70 
HUNTING CREEK INTENSIVE WATER QUALITY CATA 
J /-1 y = 31 7 79 , STN = 3 
' 
BOTTOM DEPTH= 5.00 M. 
' 
TIDE= 
TI·~ E SEC OEP TEMP CHLOR TKN NH3-N N2+N3 N02-N CRG-P INO-P CBOD5 DO TOC S S EJ pH 
CHI TH PHYLL N 
(~~) (M) (M) (C) (UG/L)(MG/L)(MG/L)(MG/L)(MG/L)(~G/L)(~G/L)(MG/L)(MG/L)(MG/L)(MG/L) 
12.3 0.3 2. 26.00 1.ao 6.30 4.40 0.26 0.03 0.08 0.12 4.60 2.30 14.00 48.00 7.40 
1 3 .7 0.3 3. 27.60 5.70 3.60 
14.7 0.2 3. 27.60 1.00 14.20 10.00 0.1s 0.03 0.20 0.20 7.50 2.60 13.00 25.00 6.10 
15.7 0.2 2. 29.30 1.20 4.30 7.10 
16.7 0.3 2. 26.20 8.90 1.00 0.19 0.02 0. 09· 0.11 6.50 4.60 13.00 23.00 7.80 
17.7 0.2 2. 28.30 1.00 4.60 7.90 
lS.6 0.3 2. 28.20 1.40 4.90 3.70 0.21 0.02 0.11 o. o,; 4.23 4.90 14.00 66.00 7.60 
l :i • ; 1. 27.20 52.00 5.9G 
1. 27.20 1.40 9.40 6.00 0.18 0.02 0.04 0.16 7.20 13.00 46.00 7. 50 I-' 2 0. 7 .i:::. 
.: 1. 7 2 • 26.90 3.70 I-' 
2 2. 7 3. 27.70 a.so 6.20 4.00 0.25 0.04 0.10 4.37 2.40 1 2.00 62.00 6.50 
23.7 3. 27.60 1.10 3.30 
HUNT ItJ G CR E EK INTE~SIVE WATER QUALITY DATA 
D ~ y = l 8 79 
' 
STN = 3 
' 
:3JT TOM DEPTH = 6.00 M. , TIOE = 
TI '-1 :: SEC DEP TEMP CHLOR TKN NH3-N N2+N3 NC2-N ORG-P INO-P CBGOS DO TDC SSED pH 
CHI TH PHYLL N 
(H ~ ) (M) (M) CC) (UG/L)(MG/L)(MG/L)(MG/L)(MG / L)(MG / l)(~G / L)CMG/L)(MG/l)(MG/L)(MG/L) 
C. 3 3. 27.50 9.00 6.40 4.10 0.26 0.03 0.06 0.14 4.70 2 .10 12.00 43.00 4.40 
l. 7 3. 27.60 7.80 3.20 
2 . 7 3. 25.20 4.00 13.20 7.50 0.14 0.02 0.10 0.20 11.40 2.10 17.00 25.00 6.00 I-' .s:,. 
3 . 7 3. 25.90 3.10 1. 80 I\.) 
4. 7 2. 25.40 1.40 13.00 7.50 0.12 0.03 0.27 0.13 10.00 1.00 14.00 22.00 6.00 
5. 7 0. 4 2. 25.40 0.79 2.00 
6 .9 0.3 2. 25.60 2.00 11.90 6.50 0.14 0.02 o.oa 0.12 a. o 3 3.30 16.00 34 . 00 7. 4 0 
7.'1 0.2 2. 25.70 0.99 4.10 
6.7 0.3 2. 25. 30 1.30 7.40 4.50 0.16 0.03 0.09 0.11 5.60 4.10 15.00 48.00 7.20 
-,.8 0.4 2. 27.10 3.30 4.30 
10.s o.4 2. 27.60 1.10 10.00 6.00 0.12 0.03 0.12 0.18 5.90 4.60 16.00 62.00 7.60 
11. 8 0.4 3. 29.30 2.60 4.30 
12.3 0.4 3. 28.50 2.50 5.80 4.70 0.31 0.04 0.09 0.11 3.87 4.50 3.00 53.00 7.70 
13.d 0.4 3. 30.60 2.70 3.90 
14.3 0.3 3. 31.70 3.00 6.40 4.00 0.23 0.06 0.08 0.12 6.27 3.50 15.00 33.00 1.10 
HUNTING CREEK INTENSIVE WATE~ QUALITY DATA 
D ~ Y = 31 7 79 , STN = 4 
' 
BOTTOM OC:PTH = 6.00 M. , TIDE = 
r: ,\1c SEC OEP TEMP CHLOR TK N NH3-N N2+N3 NOZ-N DRG-P INO-P caoos DO TOC SSEO ~H 
CHI TH PHYLL N 
c.-1 ..: ) (M) (M) (C) (UG/L)(MG/L)(MG/L)(MG/L)(~G/L)(MG/l)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L) 
1 2 .7 0.3 3. 28.80 0.90 5.40 4.90 0.2 2 0.02 0.09 0.11 7. G 3 5.60 13.00 34.00 6.90 
13. 3 0.3 3. 30.00 8.20 6.20 
1 4 . ':: 0.3 3. 31.45 3.40 0 .2 0 0 .20 0 . 33 0.02 0.77 4.00 10.40 8.40 I-' ..,. 
1 5 . :3 0.4 3. 32.00 7.10 6 . 50 w 
16 . i) 0.2 2. 32.00 1.00 0.40 0.10 0.21 0.01 0.06 0.04 O.B3 6.20 1 2 .00 45.00 a.so 
17.7 o.s 3. 32.00 o.so 5.80 
13. 3 0.2 2. 32.00 0.10 0.40 0.40 0.67 5.50 9.00 2 9.60 7.80 
1 .:; . 3 2. 31 . 20 0.60 s.a0 
ZC . 7 2. 30.20 0.10 0.30 0.1 0 0.2 4 0.0 2 1.17 6.10 6.00 84 .00 
21. 7 3. 30.38 0.80 5. 5 0 
2 2 • ~ 3. 29.00 1 .70 0 . 90 0.25 0.01 Q.06 0.04 1.3 7 s.so 8 . 00 76.00 
::. 2 . ~ 3. 26.50 5.40 
HUNTING CREEK INTENSIVE WATE~ QUALITY CATA 
J P,I '( = 1 8 79 t STN = 4 
' 
5CTT!JM DEPTH= 6.00 M. t TIDE= 
T rr~ 2: SEC OEP TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P C80D5 DO TCC SSED pH 
CHI TH FHYLL N 
( H :;;) (M) (M) CC) (UG/L)(MG/L)(MG / L)(MG/L)(MG/L)(MG/L)(MG / L)(MG/L)CMG/L)(MG/L)(MG/L) 
0 . 7 3. 26.30 1.50 16.60 10.50 0.15 0.02 o.os 0.25 10.40 5.50 25.00 
1. 7 3. 27.60 1.30 5.50 
2. . 7 3. 27.65 0.94 3.00 2.10 0.22 0.02 0.11 2.97 s.so s.oo 11.40 
3. 7 3. 27.40 1.50 6.10 
4 . 7 3. 26.25 2.00 0.30 0.10 0.23 0.01 0.08 0.02 0. 4 7 1.10 7.00 61.t.OO 7.60 
:. • 7 2. 25.70 1.90 7.50 1.10 I-' 
.i::. 
6 . 7 0. 4 z. zs.1; 2.00 0.30 0.10 0.22 0.01 0.09 0.01 0.87 7.30 s.oo 37.00 7.50 .i::. 
7.7 0.4 z. 26.35 2.00 7.30 7.40 
&.7 0.4 2. 27.25 1.70 o.so 0.10 0.24 0.01 0.06 0.04 1.57 1.10 7.00 40.00 7.40 
9.7 0.4 2. 28.50 1.90 1.80 7.30 
10. 7 0.3 3. 29.70 2.60 0.90 0.30 0.22 0.01 0.06 0.04 2.80 7.30 9.00 50.00 7.50 
11.7 0.2 3. 31.30 3.00 5.30 7.10 
1 2 .7 0.4 3. 30.60 1.60 10.00 6.00 0.11 0.03 0.10 7.30 5.50 13.00 26.00 1.00 
13.7 0.4 3. 31.35 0.70 5.20 6.90 
14.7 0.4 3. 33.00 2.20 2.30 1.10 0.24 0.02 0.06 0.04 2.93 s.so 1.00 30.00 7.40 
HUNTING CREEK INTENSIVE WATE~ QUALITY CATA 
J ~' Y = 31 7 79 
' 
STN = 5 
' 
i:OTTOM DEPTH= 4.00 M. 
' 
TIDE = 
T n1:: SEC DEP TEMP CHLOR TKN ~H3-N N2+N3 N02-N ORG-P INO-P C9G05 co TDC SSED pH 
CHI TH PHYLL N 
( H ;._ ) (M) (M) < C) (UG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(~G/L)(MG/L)(MG/L)(MG/L)(MG/L) ~ 
.i::,. 
13.3 0.5 2. 32.00 o.so 0.20 0 .1 0 0. 2 7 0.01 0.08 0.02 0.83 6.40 6.00 19.00 7.30 
Ul 
14.2 0.4 2. 32.00 1.10 7.40 
1.5 • .:. 0.1 2. 32.00 o.so o.os o.so 1.00 14.40 7.60 
16 .3 0.5 2. 32.00 0.10 s.oo 
17.3 0.1 2. 32.00 0.10 0.30 0.30 0.20 o.os o.so s.oo 8.00 25.20 1.10 
1 6 .3 0.2 2. 32.00 7.70 6.00 
H.O 0.3 2. 31.45 o.ao 0.20 0.10 0.19 0.01 0.06 0.04 0.60 6.20 1.00 42.00 7.80 
1 :i. 0 2. 30.15 0.90 6.20 
21. 2 2. 28.60 a.so 0.30 0.10 0.18 0.01 1.20 6.40 6.00 32.00 
2 2 . 3 2. 28.00 1.00 6.80 
2 3. 2 2. 27.50 1.00 0.20 0.10 0.13 0.01 0.09 0.01 1.00 7.40 1.00 
HUNTING CREEK INTENSIVE WATER CUALITY CATA 
D 1-1 y = l 8 79 , STN = 5 
' 
oQTTOM DEPTH= 5.00 M. , TIDE = 
THI E SEC DEP TEt'P CHLOR TKN NH3-N N2+N3 N02-N DRG-P INC-P CSOOS DO TDC SSED pH 
CHI TH PHYLL N 
( H;? ) CM) (M) CC) (UG/L)(MG/L)(MG/L)(MG/L)( MG/ L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/ L)(MG/L) 
0 . 2 3. 27.40 0.79 1.50 
l. 3 3. 26.70 1.10 0.20 0.10 0.26 0.01 0.09 0.01 0.90 7.50 6.00 19.00 
Z. 2 3. 26.30 0.79 7.50 
- ., 
.) ... 2. 25.55 1.00 0.30 0.10 0.23 0.01 0.09 0.01 0.67 7.90 6.00 1 2 .00 
4 . 3 2. 25.30 1.20 1.10 ~ 
5 . 2 0.4 2. 25.20 1.60 0.30 0.10 0.19 0.01 0.09 0.01 0.57 7. 8 0 1.00 35.00 1.10 ~ O'\ 
6 .2 0.4 2. 25.20 1.10 7.80 7.50 
7.0 0.4 2. 25.35 2.00 0.20 0.10 0.20 0.01 C.09 0.01 0.57 7. 90 7.00 14.00 7.50 
6 . 0 2. 26.10 2.00 8.00 7.50 
:, • 0 2. 27.35 1.20 0.40 0.10 0. 2 0 0.01 0.08 0.02 1.03 8.00 6.00 14.00 7.40 
10 .0 2. 29.10 0.95 7.50 7.60 
11.0 0.1 2. 31.25 0.11 0.10 0.70 0.43 0.0 {> 1.11 7.30 a.oo 62.40 7.60 
1 2 .0 0.2 2. 33.00 0.73 7.30 7.60 
1:;. 0 2. 35.00 0.12 0.40 0.30 1.40 7.30 6.00 20.20 1.10 
13.9 0.3 3. 34.50 1.40 7.10 7.90 
15.0 0.3 2. 35.00 1.40 0.40 0.29 0.04 1.57 7.10 7.00 25.20 7.90 
D :-~ Y = 31 
TI V. E SEC 
CHI 
c~ :. ) (M) 
0. 0 
13. 0 
2 0 . :i 
HUNTING CREEK INTENSIVE WATER QUALITY DATA 
7 79 , STN = 6 , BOTTOM DEPTH= 1.00 M. , TIDE = 
OEP TEMP CHLOR TKN NH3-N N2+N3 N02-N DRG-P INO-P C9005 00 TDC SSEO 
TH PHYLL N 
(M) (C) (UG/L)(MG/L)(MG/L)(MG/L)(MG/L)(~G/L)(MG/L)(MG/L)(MG/L)CMG/L)(MG/L) 
1. 
1. 35.00 
1. 28.60 
0.30 0.10 0.53 0.03 
0.40 0.20 0.21 0.05 
9.30 11.00 88.00 
9.30 6.20 1.00 35.50 
6.90 
i: H 
1--' 
.i:,. 
-..J 
D i.\ Y = 1 
T! ~t SEC 
CHI 
C~ R) (M) 
1.0 
1. 7 
8 .9 
13. 0 
HUNTING CREEK INTENSIVE WATER QUALITY CATA 
8 79 , STN = 6 , BOTTOM DEPTrl = 1.00 M. , TIDE= 1 
DEP TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P caoos DO TDC SSEO 
TH PHYLL N 
(M) (C) (UG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(~G/L)(MG/l)(MG/ l)( MG/ L) 
1. 
1. 25.60 
1. 28.90 
1. 37.00 
Q.30 .0.10 0.29 o.os 
0.30 0.10 0.29 0.03 
5.00 25.80 
7.50 
7.40 
4.15 6.00 8.00 22.00 
i:; H 
f-' 
.i,. 
co 
D II Y = 31 
rrr~c SEC 
CHI 
( H R) (M) 
u . Q 
l :' . 0 
? ' ) ~ i.' . -
HUNTING CREEK INTENSIVE ~ATER QUALITY DATA 
7 79 , STN = 7 , 6~TTDM DEPTH= M. , TIDE= 
OEP TEMP CHLDR TKN NH3-~ N2+N3 ND2-N ORG-P INO-P C8005 Du roe SS5D 
TH PHYLL N 
(M) CC) (UG/L)(MG/L)(MG/L)(MG/L)(MG/L)CMG/L)(~G / L)(MG/L)(MG/L)(MG/L)(MG / L) 
1. 
1. 28.50 
1. 24.90 
23.20 19.50 0.19 0.09 0.14 0.46 22.33 3 2 .00 25.00 
16.80 13.50 0.11 0.03 0.36 Q.44 15.17 5.20 27.00 23.00 
1.20 
pH 
f--' 
..,. 
I.D 
0 "' Y = 1 
TI"\~ SEC 
CHI 
(H K ) (M) 
1. 0 
13. 5 
HUNTING CREEK INTENSIVE WATER QUALITY DATA 
8 79 , STN = 7 , BOTTOM DEPTH= M. , TIDE= 
DEP TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P CB005 DO TDC SSEJ 
TH PHYLL N 
(M) (C) (UG/L)(MG/L)(MG/L)(MG/L)(MG/l)(MG/l)(MG/L)(MG/L)(MG/L)(MG/L)(MG / l) 
1. 
1. 26.00 
22.ao 11.00 o.os o.o3 0.26 o.44 30.67 31.00 za.oo 
17.20 12.00 0.10 0.03 -0.01 8.73 5.90 23.00 17.00 
pH 
f-' 
Ul 
0 
D M Y = 31 7 79 
TI ·-1 i: SEC OEP 
CHI TH 
( !"'. ~) (M) (M) 
o. o 1. 
13. J l. 
HUNTING CREEK INTENSIVE WATER QUALITY DATA 
' 
STN = 8 t oGTTOM DEPTH= M. 
' 
TIDE = 
TEMP CHLDR TKN NH3-N N2+N3 N02-N CRG-P INO-P cacos co TDC SSED 
PHYLL N 
(C) (UG/L)(MG/L)(MG/L)(MG/l)(MG/L)(MG/L)(~G/L)(MG/L)(MG/L)(MG/L)(MG/L) 
16.60 13.00 0.09 0.02 0.60 3.50 3.50 7.00 11.00 
26.00 14.00 11.50 0.08 0.01 0.10 4.00 3.33 8.10 20.00 s.oo 
pH 
f--' 
Ul 
f--' 
CJ M Y = 1 
TIME SEC 
CHI 
(HR) (M) 
1. 0 
13. 0 
HUNTING CREEK INTENSIVE wATE~ QUALITY CATA 
8 79 , STN = 8 , BOTTOM DEPTH= M. , TIDE= 
OEP TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P CBODS DO TGC SSED 
TH PHYLL N 
(M) (C) (UG/L)(MG/L)(MG/L)(MG/L)(MG /L )(MG/L)(~G/L)(MG/L)(MG/L)(MG/L)(MG/L) 
1 • 
1. 25.50 
16.60 11.50 0.05 0.02 0.10 4.00 5.47 20.00 4.00 
14.GO 9.50 0.06 0.01 4.50 l.37 7.40 19.00 6.00 
pH 
I-' 
U1 
N 
HUNTING CREEK SLACK WATER QUALITY DATA 
D MY= 12 6 79 , TIDE = H 
TIME STN SEC BOT SA~ TcMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P C8005 DO TDC SSED pH 
(HR) CHI TOM PLE PHYLL N 
CM) (M) DEPTH CC) (UG/L)CMG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L) 
I--' 
9.7 1 0.4 3. 1.5 25.20 5.20 0.10 o.so 1.10 0.03 0.10 1.40 7.60 5.00 30.00 7.10 ~ 
10.5 2 0.3 l. 0.5 22.10 5.70 2.10 2.10 o. 90 0.03 0.15 2.40 6.50 8.00 42.00 1.10 
10.9 3 0.4 1. 0.5 20.00 2.70 10.80 7.50 0.39 0.03 0.07 0.33 9.70 3.50 15.00 26.00 6.90 
11. 5 4 0.5 0.2 20.10 0.85 9.80 7. 00 
12.0 5 0.4 0.2 23.85 2.70 0.20 0.10 0.25 0.01 0.06 0.04 0.90 9.80 8.00 15.00 a.10 
12.4 6 0.1 26.50 8.90 0.10 0.10 0.16 0.01 0.01 0.03 0.93 10.20 9.00 33.00 9.00 
13.7 7 0.1 21.90 6.80 6.90 
13.5 8 0.1 21.90 a.so 6.60 
HUNTING CREEK SLACK WATER QUALITY DATA 
J MY= 26 6 79 , TIDE = H 
TI ME STN SEC BOT SH' TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P CB005 DO TDC SSED pH 
CtiR) CHI TOM PLE PHYLL N 
CM) CM) DEPTH CC) CUG/L)(MG/L)(MG/L)(MG / L)(MG/L)CMG/L)(MG/L)(MG/L)(MG/L)(MG / L)CMG / L) 
I-' 
lJl 
9.7 1 0.5 4. 2.0 22.00 s.20 1.40 1.10 1.00 0.04 0.02 0.08 1.30 7.20 9.00 51.00 7.90 *"' 
11. 9 2 o.s 2. 1.0 22.20 2.80 1.10 1.30 1.00 0.04 0.10 1.40 6.60 8.00 24.00 7 . 60 
10.0 3 0.5 2. 1.0 21.00 s.10 s.20 3.60 0.60 0.03 0.05 0.15 4.60 4.80 11.00 7.30 
10.3 4 0.4 0.3 20.90 0.89 5.70 6.90 
11. 0 5 0.3 1. 0.5 22.40 0.82 0.40 0.10 0.26 0.01 0.09 0.01 1.10 9.70 6.00 so.oo 1.10 
11. 2 6 0.1 0.1 26.00 0.18 0.39 o.os 0.70 8.80 8.00544.00 7.90 
12.2 7 0.1 22.70 7.80 6.60 
12.s 8 0.1 22.50 17.00 15.00 O. li o.oz 0.10 3.00 1.00 8.80 15.00 4.00 6.60 
10.2 9 0.1 11.00 1.00 0.22 0.03 0.20 0.20 8.53 15.00 15.00 
HUNTING CREEK SLACK WATER QUALITY DATA 
) MY= 11 7 79, TIDE= H 
6 
TIME STN SEC BOT SAM TEMP Ct1LOR TKN NH3-N N2+N3 N02-N ORG - P INO-P C9005 DO TDC SSED pH 
~HR) CHI TOM PLE PHYLL N 
(M) (M) DEPTH (C) (UG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L) 
9.7 l 3. o.s 25.10 2.10 1.40 a.so a.so o.os 0.32 0.08 2.83 a.20 u.oo 14.00 7. 90 I-' 
10.0 2 0.6 3. 1.s 24.40 4.00 2.10 1.70 0.40 0.05 0.11 0.09 3.00 8.10 3.00 35.00 u, 7.60 u, 
10.1 3 0.3 1. 0.5 23.60 22.00 8.60 5.00 0.26 o.04 0.17 0.13 5.60 3.50 113.00 5 1 .00 6.90 
10.2 4 0.9 1. o.s 23.40 26.00 2.60 6.60 
11.0 5 0.5 1. 0.5 25.20 23.00 0.30 0.30 0.15 0.03 0.90 8.90 8.00 63.00 6.60 
12.s 6 0.6 0.1 32.00 4.00 0.20 0.10 0.06 0.01 0.06 0.04 0.90 8.60 10.00 53.00 8.90 
11. 6 1 0.1 23.50 7.20 6.80 
12.9 8 1.0 23.60 23.60 7.40 6.20 
HUNTING CREEK SLACK WATER QUALITY DATA 
, M Y= 25 1 19 , TIDE = H 
TIME STN SEC BOT SA~ TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P CB005 DO TDC SSED pH 
HR) CHI TOM PLE PHYLL N 
(M) CM) DEPTH CC) (UG/L)(MG/L)(MG/L)(MG/L)CMG/L)CMG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L) 
9.9 1 0.5 2. 1.0 27.50 15.00 1.80 0.80 0.35 0.04 0.06 0.04 1.83 5.60 9.00 28.00 a. 60 I-' 
0.5 27.60 15.00 2.20 1.so 0.33 0.04 0.06 0.14 1.11 5.00 11.00 14.00 lJl 10.0 2 0.5 1. 1.10 m 
10.2 3 0.4 1. o.s 25.60 7.90 8.90 6.50 0.09 0.03 0.06 0.24 6.00 1.90 16.00 29.00 1.20 
11. 5 4 0.2 0.1 25.40 5.40 1. 20 0.60 0.25 0.02 0.03 0.01 3.37 5.40 9.00 65.00 7.40 
11. 5 5 0.5 0.1 27.90 2.20 0.30 0.10 0.19 0.10 0.08 0.02 0.73 7.90 a.oo 6.00 7.90 
11. 7 6 0.2 0.1 30.50 1.70 0.30 0.10 0.16 0.01 0.09 0.01 o.so 8.30 8.oo 4.00 8.70 
9.3 7 0.1 24.40 18.60 11.50 0.09 0.03 0.50 1.10 15.70 6.10 24.00 23.00 6.80 
9.6 8 0.1 24.50 13.60 11.so o.os 0.01 0.90 3.00 3.57 7.40 18.00 4.00 6.50 
HUNTING CREEK SLACK WATER QUALITY DATA 
0 MY= 9 8 79 , TIDE = H 
TIME STN SEC BOT SA"1 TEMP CHLOR TKN NM 3-N N2+N3 N02-N ORG-P INO-P C60D5 DO TDC SSED pH 
. (HR) CHI TOM PLE PHYLL N 
(M) CM) DEPTH (C) CUG/L)(MG/L)(MG/L)(MG/L)(MG/L)CMG/L)(MG/L)(MG/L)(MG/L)(MG/L){MG/L) 
9.0 l o.s 3. 1.0 28.35 20.00 1.40 1.10 0.10 0.18 0.05 0.05 1.90 5.60 10.00 22.00 1.10 
9.2 2 0.3 1. o.s 28.20 23.00 3.00 2.40 0.60 0.17 0.19 0 . 01 3.30 6.00 12.00 46.00 7. 60 
9.4 3 0.2 1. o.s 25.25 14.00 4.80 3.70 0.38 0.06 0.19 0.01 4.70 4.70 13.00 52.00 1.10 I-' 
9.5 4 0.2 0.1 24.59 9 . 50 a.so 0.10 0.25 0.01 0.09 0.01 1.so 7.30 11.00 37.00 1. 50 ~ 
10. 4 5 0.1 0.1 27.90 1.00 0.30 0.10 0.15 0.01 0.97 8.00 s.00112.00 1.50 
10.7 6 0.1 0.1 30.80 5.60 0.30 0.10 0.10 0.01 1.00 7.90 a.00100.00 7.90 
11.7 1 0 . 1 24.50 15. 20 11.00 o.os 0.01 0.40 2.30 18.28 s.oo 2 4 .00 19.00 1.10 
10 . 1 8 0.1 24.00 16.00 14.50 0.05 0.01 0.40 4.00 2.02 8.10 16.00 5.00 6.50 
HUNTING CREEi<. SLACK WATER QUALITY DATA 
D MY= 23 8 79, TIDE= H 
TIME STN SEC BOT $Aloi TEMP CHLOR TKN NH3-N N2+N3 NOZ-N ORG-P INO-P CBCOS 00 TOC SSED pH 
(HR) CHI TOM PLE PHYLL N 
(M) Of) DEPTH (C) (UG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L) 
9.0 1 0.4 2. 1.0 24.30 13.00 1.40 0.80 0.43 0.10 o.os o.os 1.88 6.30 s.oo 30.00 8.30f-' 
9.2 2 0.3 2. 1.0 24.20 8.20 1.80 1.00 0.45 0 .11 0.03 0.07 1.10 6.30 9.00 57.00 7.90ui 
9.3 3 0.2 1. 0.5 24.30 1.10 5.50 4.30 0.27 0.06 0.10 3.20 4.60 14.00 7.40 00 
9.5 4 0.3 0.1 23.40 3.90 1.80 1.10 0.28 0.02 0.04 0.06 1.83 6.20 s.oo 36.00 7.50 
10.8 5 0.2 0.1 23.40 2.70 0.40 0.10 0.33 0.03 0.88 a.so 1.00112.00 7.50 
13.2 6 0.2 0.1 27.00 1.60 0. 20 0.20 0.24 o.ao 8.70 7.00 4.00 8.90 
10.1 7 1.0 25.30 16.ao 11.so 0.01 0.02 0.30 1.60 15.00 5.50 27.00 20.00 7.50 
10.4 8 1.0 24.00 14.40 12.00 0.06 0.01 1.50 7.90 16.00 8.00 6.00 
--- ----- - - ·-- ·-
HUNTING CREEK SLACK WATER QUALITY DATA 
D MY= 12 9 79, TIDE = H 
TIME STN sec BOT SA~ TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P CB005 DO TDC SSED pH 
(HR) CHI TOM PLE PHYLL N 
CM) (M) DEPTH CC) (UG/L)(MG/L)CMG/L)(MG/L)CMG/L)(MG/L)CMG/L)CMG/L)(MG/L)(MG/L)CMG/L) 
12.0 l 0.2 2. 1.0 22.40 1.60 o. 60 0.30 1.50 0.04 0.02 0.08 0.60 7.30 a.oo 39.oo 7.80 
12.2 2 0.2 2. 1.0 22.40 1.60 o.ao 0.60 1.50 0.04 0.10 o.as 7.40 9.00 38.00 7.80 
1 2.5 3 0.3 1. 0.5 24.20 1.10 9.00 a.so 0.42 0.04 0.10 2.68 s.so 12.00 7. 30 f--J 
12.1 4 0.6 1. 0.5 25.30 0. 2 0 9. 60 9.50 0 . 23 0.02 0.02 0.08 2.35 6.60 14.00 12.00 6.80 vi 
14.0 5 0.8 0.4 28.50 1.60 0.20 0.10 0.33 0.01 0.18 0.02 o.so a.so 1.00 8.00 B.80 \.D 
15.6 6 0.5 29.00 0.10 0.20 0.10 0.28 0.01 0.08 0.02 0.65 9.70 6.00 4.00 9.80 
14.5 1 0.1 25.50 25.80 22.00 1.00 0.03 0.09 0.21 2.08 6.50 22 .00 12.00 7.30 
13.5 8 0.1 25.80 18.60 17.50 0.01 0.02 0.66 7.08 0.55 7.40 21.00 6.00 6.40 
HUNTING CREEK SLACK WATER QUALITY DATA 
D MY= 25 9 79 , TIDE z H 
TIME STN SEC BOT SAM TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P CB005 DO TDC SSED pH 
(HR) CHI TOM PLE PHYLL N 
CM) (M) DEPTH CC) (UG/L)CMG/L)CMG/L)(MG/L)(MG/L)CMG/L)(MG/L)(MG/L)(MG/L)(MG/l)(MG/L) f-.J O'\ 
0 
10.1 1 0.3 3. 1.s 18.80 s.oo 0.90 0.50 1.20 0.02 0.01 0.09 1. 73 8.40 11.00 30.00 7.70 
10.2 2 0.3 2. 1.0 18.90 4.70 1.00 o.so 1.20 0.02 0.81 0.09 1.58 a.20 13.oo 21.00 7.60 
10.4 3 0.2 2. 1.0 19.00 1.70 1.00 5.50 a.so 0.04 0.10 5.05 5.90 17.00 30.00 1.00 
10.6 4 0.4 1. o.s 19.10 8.60 1.00 0.60 0.60 0.01 1.20 7.30 9.00 14.00 7.20 
9.6 5 0.4 o.s 18.50 0.20 0.10 0 • .50 0.01 0.08 0.02 1.18 9.00 9.00 9.00 7.60 
9.0 6 0.2 0.2 18.80 12.00 0.10 0.10 0.60 0.01 0.09 0.02 1.25 9.50 6.00 7.80 
12.s 7 0.1 23.90 17.60 13.50 1.00 0.02 o.oa 0.12 2. 30 6.60 21.00 1.00 6.70 
12.1 8 0.1 23.30 14.60 12.50 0.09 0.01 2.&0 1.10 7.70 20.00 10.00 6.40 
HUNTING CREEK SLACK WATER QUALITY DATA r-' O'\ 
r-' 
D MY= 8 10 79, TIDE= H 
TIME STN SEC BOT SA~ TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P IND-P C80DS DO TDC SSED pH 
(HR) CHI TOM PLE PHYLL N 
(M) (M) DEPTH (C) (UG/L)(MG/L)(MG/L)(MG/L)(~G/l)(MG/L)(MG/L)(MG/L)(MG/l)(MG/L)(MG/l) 
10.3 1 0.2 2. 1.0 14.60 5.00 o.so 0.40 1.00 0.02 0.09 0.01 0.45 9.80 7.00 38.00 7.80 
10.5 2 0.2 2. 1.0 14.70 1.00 0.90 0.60 1. 00 0.02 0.01 0.10 0.58 9. '.)o 8.00 38.00 7.80 
10.6 3 0.2 1. o.s 16.50 1.20 3.20 2.40 o.so 0.02 0.01 Q.G9 0.73 9.JO 9~00 39.00 7. 00 
11. 0 4 0.2 1. o.s 16.40 4.40 0.83 9.60 7.60 
13.2 5 0.2 0.3 18.00 3.80 0.40 0.60 0.02 o.os o.os 0.63 9.30 9.00 33.00 7. 60 
14.3 6 0.1 o.s 17.00 7.00 0.40 0.10 0.60 0.02 0.06 0.04 9.40 10.00 24.00 7.10 
9.5 1 0.1 20.00 7.30 6.40 
9.9 8 0.1 21.00 a.60 6.60 
HUNTING CREEK SLACK WATER CUALITY DATA 
D MY= 25 10 79, TIDE= H 
TIME STN SEC BOT SAM TEMP CHUJR TKN NH3-N N2+N3 ND2-N ORG-P INO-P CB005 DO' TDC SSED IJ H :;:: 
(HR) CHI TOM PLE ?HYLL N N 
(M) (M) DEPTH (C) (UG/L)(MG/l)(MG/l)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L) 
10.0 l o.s 3. 1.s 14.70 l. 70 0.40 0.40 0.60 0.02 0.15 0.05 1.00 9.10 3.00 22.00 7.80 
10.1 2 0.5 2. 1.0 13.60 1.40 2.10 2.00 1.20 0.02 o.oa 0.32 1.35 8.50 6.00 19.00 7.80 
10.4 3 o.s 1. o.s 11.00 1.50 5.70 s.oo 0.90 0.03 0.02 0.08 4.00 8.30 e.oo 12.00 1.10 
10.6 4 0.4 0.2 9.40 s.20 10.00 7.40 
11.1 5 0.3 1. o.s 10.90 3.80 0.30 0.10 0.30 0.01 0.09 0.01 1.37 11.00 6.00 11.00 7.30 
11. 5 6 o.s 11.10 5.80 0.20 0.10 0.28 0.01 0.09 0.01 2.23 12.20 7.00 12.00 7.90 
13 .o 7 0.1 20.20 7.90 
12.1 8 0.1 20.10 s.20 6.60 
HUNTING CREEK SLACK WATER QUALITY DATA 
D MY= 17 6 80 , TIDE = L 
TIME STN SEC BOT SAM TEMP CHLCR TKN NH3-N N2+N3 N02-N ORG-P INO-P C60~5 DO TDC SSED pH 
(HR) CHI TOM PLE PHYLL N 
(M) CM) DEPTH CC) CUG/L)CMG/L)CMG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/l)(MG/l)(MG/L)(MG/L) 
11.8 1 3. 1.5 22.40 1.60 1.00 0.04 0.03 s.oo 7.30 12.00 21.00 7.80 
12. 1 2 0.3 4. 2.0 21.10 3.90 3.20 o.os 0.10 6.00 7.40 14.00 26.00 7.60 
12.6 3 0.3 0.3 22.40 5.30 4.20 0.04 0.10 4.28 6.80 15.00 33.00 7.40 
13.1 4 o.s 0.3 23.40 0. 80 0.20 0. 02 0 .11 1.75 9.40 12.00 27.00 7.10 
12.4 5 0.6 1. 1.5 25.so 0. 30 0.10 0.02 0.01 3.00 9.00 13.00 11.00 7.401-' 
13.0 6 0.1 0.1 28.50 0.60 0.10 0.02 0.01 3.00 9.50 13.00 1.00 1. 70 Z; 
12. 1 1 0.1 22.00 18.40 16.50 0.02 0.22 7.60 7.40 24.00 24.00 6.40 
11.8 8 0.1 22.00 17.00 0.01 2.25 2.85 7.30 23.00 1.00 
l 
HUNTING CREEK SLACK WATER ~UALITY DATA 
0 M Y= 13 8 80, TIDE = H 
TIME STN SEC BOT SAM TEMP CHLOR TKN NH3-N N2+N3 N02-N ORG-P INO-P CBODS DO TDC SSED pH 
(HR) CHI TOM PLE PHYLL N I-' O'\ 
(M) (M) DEPTH (C) (UG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L)(MG/L) ..,. 
8.5 1 0.5 3. 1.5 28.70 11.60 1. 60 1.10 0.23 o.oo 2.00 5.60 9.00 16.00 7.40 
8.5 2 0.4 2. 1.0 28.50 11.80 2.00 1.40 0.22 0.07 2.00 5.80 10.00 18.00 7.30 
8.7 3 0.3 1. 0.5 25.50 24.20 7.40 5.50 0.10 0.04 6.65 3.50 14.00 30.00 7.30 
8.9 4 o.s l. 0.5 25.80 3.10 12.80 9.00 0.02 0.16 14.15 2.60 19.00 12.00 1.20 
11. 5 5 0.7 1. 0.5 28.00 2.10 0.40 0.10 0.01 0.01 1.00 10.00 8.oo 5.00 9.40 
12.0 6 o.o ?l.00 2.40 0.20 0.10 0.01 0.01 1.00 8.30 8.oo 5.00 9.80 
11.0 7 o.o 26.90 16.80 0.01 0.11 11.80 7.10 18.00 7.00 6.90 
12.6 8 o.o 26.60 18.40 12.50 0.01 2.00 7.98 7.80 23.00 19.00 7.10 
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Appendix B. Non-Point Source Inputs 
Water volumes, pollutants, and nutrients introduced 
by storm runoff and upstream flows may have a significant 
impact on the water quality of small, urban catchments such 
as Hunting Creek. These inputs are grouped under the heading 
of non-point source (NPS) inputs. 
Quantification of the non-point sources is necessary 
both to verify the model and to accurately assess the factors 
determining the water quality of the creek. A daily t i me 
series of non-point source inputs to the creek for the 
period June 1 - September 30, 1979, was provided by the 
Northern Virginia Planning District Commission (NVPDC). 
Runoff volume, mass fluxes of organic nitrogen, nitrate 
nitrogen, ammonia nitrogen, organic phosphorus, ortho-
phosphorus, chlorophyll 'a', and CBODu' and dissolved oxygen 
concentrations were provided. 
The non-point sources were obtained by the NVPDC 
through employment of the Commission's non-point source 
prediction models. Predictions were based on local land-
use data and other characteristics and on calibration parameters 
determined in the Occoquan Basin study (Hydrocomp, Inc., 
1978; NVPDC; 1979). 
The accuracy of the predictions may be verified by 
comparing the time-series with the flows and mass fluxes 
sampled at the upstream weir prior to each slackwater surve y. 
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For purposes of this comparison, all non-point sources are 
assumed to enter the creek at the upstream end. The small 
drainage area adjacent to the stre am banks compared to the 
large upstream drainage area permits this assumption. 
Figures Bl - B7 show the seasonal non-point source 
inputs provided in the NVPDC and the instantaneous volume 
and mass fluxes and dissolved oxygen concentrations sampled 
prior to the field surveys. The predictions are generally 
good and most errors occur in the phasing of the inputs 
rather than the magnitude, although some errors in magnitude 
occur as well. The phase errors are due both to the diffi-
culties in modelling non-point source pollution and to the 
arbitrary division of continuous rainfall and flow data into 
discrete, daily units. Due to the phase error in the non-
point source inputs, phase error should be expected in the 
water quality model results as well, but the magnitudes of the 
predi c tions should be in agreement with the trend of the 
field data. 
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Key to Figures Bl - B7 
predictions 
field measurements 
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Appendix C. Results of 1980 Surveys 
The majority of field work at Hunting Creek was com-
pleted in the summer of 1979. Two slackwater surveys were 
performed during 1980, however, to verify that the conditions 
observed in 1979 are recurring, annual phenomena. The results 
of these surveys, conducted on June 17 and August 13, 1980, 
are presented in Figs. Cl and C2. Organic nitrogen, ammonia 
nitrogen, nitrate+ nitrite nitrogen, total phosphorus, CBODu, 
dissolved oxygen and chlorophyll are shown. Also tabulated 
are the raw, unadjusted data from these backup surveys. 
The June, 1980, survey shows dissolved oxygen entering 
the creek at a supersaturated concentration. D.O. declines 
slightly in the downstream direction but is above 6 mg/1 
throughout the creek. These concentrations are consistent 
with those of the June, 1979, surveys except that in 1979 
D.O.'s of 3.5 mg/1 and 4.8 mg/1 were observed at the sag 
point. 
Conditions observed in the August, 1980, survey were 
almost identical with the July 11, 1979, survey. Low flows 
(approx. 7 cfs) and dissolved oxygen concentrations relfecting 
lack of flushing and reaeration prevailed in both surveys. 
o.o. in the central portion of the creek during the August 
survey was 2.6 mg/1 to 3.5 mg/1 despite supersaturated inflow 
at the head of the creek. 
To provide additional model verification, a simulation 
of the August, 1980, survey was conducted using the inputs 
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listed in Table Clw The results of the model run are shown 
along with the field data in Fig. C2. Agreement between the 
field data and predictions for all parameters is generally 
good. The model accurately predicts the DO sag downstream 
of the Alexandria STP (in the vicinity of station 3) al-
though some discrepancy is noted upstream of the STP. 
This discrepancy between predicted and observed DO 
in the uppermost portion of the creek at extreme low flows 
is due to changes in the properties of the creek from those 
which are present during normal flow intervals. Physically, 
the creek degenerates into rivulets and stagnant pools 
during extreme low flows. Changes in biochemical constants, 
SOD, reaeration rates or return ratios w~y also occur. 
Several hypotheses were tested in the model in an 
attempt to replicate low-flow conditions upstream of the STP. 
In the first, depth was reduced in the expectation that DO 
would decline due to an enhanced effect from SOD. Results 
were counterintuitive, however. Reducing the upstream depth 
increased DO slightly due to increased reaeration. 
In alternative runs, neither halving reaeration nor 
doubling SOD produced sufficiently low DO concentrations. 
Modifications of the BOD decay rate and the return ratios 
were also tried without success. No consistent set of 
parameters could be found which would reproduce DO obser-
vations upstream of the STP while maintaining model accuracy 
downstream. Thus, it must be concluded that at extreme low 
flows, model accuracy is limited upstream of the STP. 
Wasteflows 
Alexandria 
Westgate 
Boundaries 
Upstream 
Downstream 
Q 
(cfs) 
36.5 
13.2 
Org N 
(mg/£ ) 
0.1 
0.5 
Table Cl. August 1980 Model Inputs 
Steamflow 7 cfs 0 Temperature 27.9 C 
Org N 
(lb/ day) 
1300 
650 
NH 4 
(mg/£ ) 
0.1 
1.1 
NH 4 
(lb/ day) 
3800 
1380 
N0 3 
(mg /£ ) 
0.06 
0.83 
N0 3 
(lb/ day) 
18 
7 
Org P 
(mg/£ ) 
0.01 
0.06 
Org P 
(lb/ day) 
9 
22 
Ortho P 
(mg/£ ) 
0.01 
0.04 
Ortho P 
(lb/ day) 
52 
220 
Chl'a' 
(µgm/n 
1. 7 
11.6 
CBOD 
u 
(lb/ day) 
10000 
2970 
CBOD 
u 
(mg /£ ) 
2.0 
4.0 
D.O. 
(mg/£ ) 
7.1 
7.8 
D. O . 
(mg/ £ ) 
8.9 
5.6 
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Appendix D 
Time-Variable Model Input Parameters 
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Model Inputs for the Period June 1 - June 19 
3Q Chl. II a" (ft /sec) Org. N NH4 N0 3 Org. P Po4 (µgm/1) CBOD u 
Alexandria 
STP 39. 1 805. 4448. 11. 64. 191. 5380. 
Westgate 
STP 12. 1 164. 1081. 7. 13. 164. 950. 
Downstream 
Boundary 0.2 0.5 1.1 0.0 0. 1 5.0 5 .1 
Temp. (Co) 23.0 
Light Extinction 
(1 / m) 4.5 
NOTE: Nitrogen, Phosphorus and CBOD in lb/day for the STP's, mg/1 for the 
downstream boundary. 
DO 
(mg/1) 
6.8 
8.5 
7.6 
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Model Inputs for the Period June 19 - July 3 
3Q Chl. "a" (ft / sec) Org. N NH4 N03 Org. P P04 (µgm/1) CBOD u 
Alexandria 
STP 34.5 691. 3269. 26. 7. 67. 3293. 
Westgate 
STP 13.2 144. 1077. 8, 9. 215. 72. 
Downstream 
Boundary 0.3 1.1 1.0 0.02 0.08 5.0 2 .8. 
T (co) emp. 22.4 
Light Extinction 
(1 /m) 3.5 - 6.8 
NOTE: Nitrogen, Phosphorus and CBOD in lb/day for the STP's, mg/1 for the 
downstream boundarv. 
DO 
(mg /1) 
7. 8 
8.8 
7.2 
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Model Inputs for the Period July 3 - July 18 
Alexandria 
STP 
Westgate 
STP 
Downstream 
Boundary 
(co) Temp. 
Light Extinction 
3Q (ft / sec) 
33.1 
13.9 
25.6 
(1 / m) 3.4 - 11.3 
Org. N 
825. 
211. 
0.6 
Chl. "a" 
NH4 N0 3 Org. P P04 (µgm / 1) 
3586. 38. 0. 39. 
1359. 8. 0. 302 . 
0.8 0.5 0.01 0.08 2.0 
CBOD 
u 
5361. 
1057. 
5.2 
NOTE: Nitrogen, Phosphorus and CBOD in lb/day for the STP's, mg / 1 for the 
downstream boundary. 
DO 
(mg/ 1) 
7.2 
7.4 
8.2 
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Model Inputs f or the Period July 18 - July 28 
3Q Chl. II a" (ft / sec) Org. N NH4 N0 3 Org. P P04 (µgm / 1) CBOD u 
Al exandria 
STP 47.7 1060. 2973. 23. 129. 284. 8867. 
Westgate 
STP 19.3 219. 1198. 5. 94. 313. 1292. 
Downstream 
Boundary 0.6 0.8 0.35 0.01 0.04 15.0 1. 2 
0 Temp. (C ) 27 .4 
Light Extinction 
(1/m) 3.1 - 14.0 
NOTE: Nitrogen, Phos phorus and CBOD in lb/day for the STP's, mg / 1 for the 
downstre am boundary. 
DO 
(mg/1) 
6 .1 
7.4 
5.6 
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Model Inputs for the Period July 28 - August 5 
30 Chl. "a" (ft /sec) Org. N NH4 N03 Org. p P04 (µgm/1) 
Alexandria 
STP 36.5 888. 3064. 22. 30. 89. 
Westgate 
STP 13.2 280. 818. 5. 29. 287. 
Downstream 
Boundary 0.4 1. 3 0.55 0 .1 0. 11 13.0 
0.6 0.9 0.47 0.03 0.07 13.0 
Temp. (Co) 28.8 
Light Extinction 
(1 / m) 3.5 - 6.3 
NOTE: Nitrogen, Phosphorus and CBOD in lb/day for the STP's, mg/1 for the 
downstream boundary. 
* July 28 - July 31 
** August 1 - August 5 
DO 
CBOD (mg/1) 
u 
8697. 5.6 
1191. 7.8 
2.7 4.0* 
2.4 2 .0 '''* 
Alexandria 
STP 
Westgate 
STP 
Downs tre am 
Boundary 
T (co) emp. 
Light Extinction 
(1/m) 
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Model Inputs for the Pe riod August 5 - August 16 
3 Q Chl. "a" (ft /sec) Org. N NH4 N0 3 Org. P P04 (]Jgm/1) CBOD u 
52.4 1191. 3120. 14. 113. 652. 12705. 
17. 7 144. 1390. 5. 38. 383. 1208. 
0 .3 1. 1 0.07 0.05 0.05 20.0 3.8 
27.5 
3.7 - 17.0 
NOTE: Ni trogen, Phosphorus and CBOD in lb/day for the STP's, mg/1 for the 
downs tre am boundary . 
DO 
(mg/1) 
5.0 
8.1 
5.5 
Alexandria 
STP 
Westgate 
STP 
Downstream 
Boundary 
T (co) emp. 
Light Extinction 
(1/m) 
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Model Inputs for the Period August 16 - September 2 
3 Q Chl. II a" (ft /sec) Org. N NH4 N0 3 Org. P P04 (µgm/1) CBOD u 
37.3 1070. 2321. 140. 61. 323. 6619. 
13.6 177. 887. 4. 15. 259. 1146. 
0.6 0.8 0.3 0.05 0.05 13.0 4.9 
24.4 
3.7 - 17.0 
NOTE: Nitrogen, Phos,phortis and CBOD in lb/day for the STP's, mg/1 for the 
downstream boundary. 
DO 
(mg/1) 
5.5 
7.9 
6.3 
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Model Inputs for t he Period September 2 - September 19 
Alexandria 
STP 
Westgate 
STP 
Downstream 
Boundary 
(co) Temp. 
Light Extinction 
(1/m) 
3Q (ft /sec) Org. N 
43.1 887. 
13 .6 81. 
0.3 
25.3 
2.1 - 7.1 
Chl. "a" 
NH4 N03 Org. 
p Po4 (µgm/1) 
5137. 23. 21. 49. 
1284. 5. 0. 257. 
0.3 1.1 0.08 0.02 2.0 
CBOD 
u 
3642. 
440. 
1.9 
NOTE: Nitrogen, Phosphorus and CBOD in lb/day for the STP.' s, mg/1 for the 
downstream boundary; 
DO 
(mg/1) 
6.5 
7.4 
7.3 
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Model Inputs for the Period September 19 - September 30 
3 Q Chl. "a" (ft / sec) Org. N NH4 N0 3 Org . p P0 4 (µgm/1) CBOD u 
Alexandria 
STP 41.4 920. 3028. 22. 18. 27. 5316. 
Westgate 
STP 13.0 148. 882 . 6. 0. 198. 741. 
Downstream 
Boundary 0.4 0.5 1. 2 0.02 0.08 5.0 3.4 
Temp. (Co) 18.9 
Light Extinction 
(1 / m) 6 .1 
NOTE: Nitrogen, Phosphorus and CBOD in lb/day for the STP's, mg/1 for the 
downstream boundary. 
DO 
(mg/1) 
6.8 
7.7 
8.4 
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Appendix E 
Map of Mode l Segmentation 
S9 
SB 
Bunt ing Creek Showing Model Segments 
T = Transect 
S = Segment 
Hestgate 
Figure El. Hunting Creek showing model segments. 
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Appendix F. Analysis of Model Accuracy 
In o rde r to weigh the confidence which can be placed 
in a mode l's predictions, some measure of th~ model accuracy 
i s necessary. One means of judging accuracy is through 
comparison of model predictions with field observations. 
Qualitat i ve comparisons of Hunting Creek model results and 
data are pr e sented in Figures 15-21 and Figures A3-A6. In 
thi s appe ndix , a more quantitative analysis, employing the 
slackwate r data, is conducted for dissolved oxygen and 
chlorophyll, two key parameters. 
No mode l can exactly reproduce all of the observations 
employe d in t h e calibration and verification procedures. 
Dis c r epancies arise not only due to shortcomings in the model, 
but also f rom insufficient input data and from imperfect 
f i eld data . In this study, flaws in the data may be assigned 
to two classes: sampling error and phase error. 
Sampling error is present because not all of the 
s lackwa t er d a t a wa s collecte d precisely at the slack-before-
f lood inte rval for which model predictions are appropriate. 
A sampling erro r of one to two hours can ~esult in a large 
dif f eren ce in the observations at a sample station. This 
phe nomenon may be illustrated using the chlorophyll data 
of Figure 35-C, fqr e x ample. A two-hour error in sampling 
a t the OlQO s l a ckwate r would result in an 8 µgm/1 difference 
betwe e n the observed chlorophyll and the actual chlorophyll 
a t h igh slackwater. 
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Phase errors are due, in part, to the discrete nature 
of the nonpoint-source inputs which are provided to the model 
as twenty-four-hour totals. The problems arising from the 
discrete inputs may be illustrated by hypothesizing a morning 
slackwater survey followed by an evening storm. The storm 
flow and pollutant runoff would be averaged over the entire 
day and the field data collected prior to the storm would 
be compared with_model results based on storm conditions. 
A second source of phase error is lack of knowledge of 
wasteloadings and downstream boundary conditions between 
surveys. For the seasonal model run, these parameters were 
arbitrarily stepped in the intrasurvey intervals. The nature 
and timing of these steps cannot be verified, however, and 
some discrepancy in phase between predictions, based on 
step-function inputs, and observations is to be expected. 
The analysis of model accuracy is conducted by con-
structing an "error box" cente red on each slackwater data 
point. The boxes have a height proportional to the sampling 
error expected at each location and a width proportional 
to the phas~ error. Model predictions which fall within the 
error box are deemed "successful" in that any discrepancy 
between the prediction and the observation may be assigned to 
sampling or .phase errors in the data. Model predictions which 
• d "h' h" 11 1 II miss the error box are deeme 1g or ow. 
Slackwater data collected at stations 2-5 are analyzed 
and slackwater data encompassed by the intensive survey a re 
198 
included. Data c ol lected at stations 1 and 6 are excluded 
as these stations were used as boundary conditions and the 
agreement between predictions and observations would always 
be perfect. The error boxes are given heights equal to 
one-half the intertidal variation of dissolved oxygen or 
chlorophyll at t he appropriate station and widths of two 
days. The magni tude s of the intertidal variations are 
obtained from the intensive survey results and are presented 
in Table Fl. An example of the error boxes is shown in 
Figure Fl. 
Table Fl. Intert ida l Variations During Intensive Survey 
Station Dissolved Oxygen ·chlorophyll I a I 
(mg/1) (µgm/ 1) 
2 4 5 
3 4 10 
4 2 6 
5 3 2 
The resul ts of this analysis of model accuracy are 
presented in Tab le F-2 for chlorophyll and Table F-3 for 
dissolved oxygen. For chlorophyll, the percentage of success-
ful predictions a t each station ranges from 36% to 55%. The 
percentage of successful predictions in any survey ranges from 
oi to 75 % and the percentage of successful predictions in the 
total sample is 45% . For d i ssolved oxygen , the percentage of 
successful predictions at each station ranges from 55% to 8.2 %. 
The percentage o f successful predictions in any survey range 
from 25% to 100% a nd the pe rcentage of successful predictions 
in the total samp le is 64 %. 
0 
0 
If) 
N 
0 
0 
0 
N 
0 
0 
,....., If) 
' 
1 -1 
<i:: 
3 o I 
0 
0 
-
0 
0 
If) 
0 
0 
0 
Model 
0 Data 
D Error Box 
I \ /\l0 I 
I 
...L.....L..--------~---------------+ ........ ---------------.-----_._.__ ___ __.L.....I_,_ _ _, 
June July August 0 Sept. 
Figure F- 1. Chlorophyll verification at Station 3 including "error boxes" around data. 
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Table F2. Accuracy of Chlorophyll I a' Predictions 
Survey Stations Percent 
2 3 4 ,5 Successful 
June 12 s H H L 25 
June 26 H s s s 75 
July 11 s L L L 25 
July 25 H s L L 25 
July 31 H H H s 25 
July 31 H s s s 75 
Aug. 1 L L s s 50 
Aug. 9 L L L L 0 
Aug. 23 H s s L 50 
Sept. 12 s . s s L 75 
Sept. 25 s s L s 75 
Percent 36 55 45 45 
Successful 
Total Percent Successful= 45 
Key: s = Successful Prediction 
H = Prediction High 
L = Prediction Low 
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Table F3 . Accuracy of Dissolved Oxygen 
Survey Stations 
2 3 4 
June 12 s H L 
June 26 s s H 
July 11 L s H 
July 25 s H H 
July 31 s s s 
July 31 L s s 
Aug. 1 s s s 
Aug. 9 L s s 
Aug. 23 s s s 
Sept. 12 L s s 
Sept. 25 s s H 
Percent 64 82 55 
Successful 
Total Percent Successful= 64 
Key: s = successful Prediction 
H = Prediction High 
L = Prediction Low 
5 
L 
L 
L 
s 
s 
s 
s 
s 
L 
L 
s 
55 
-----, 
Predictions 
Percent 
Successful 
25 
50 
25 
50 
100 
75 
100 
75 
75 
50 
75 
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